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The question of the relation of blood pres 
sure to intra-ocular pressure has been entered into 
by more than one observer.
My excuse for approaching the same subject 
again is that, on the .on'a hand, our means of estima­
ting blood pressur® clinically have been improved 
since most of these previous investigations were made 
and, on the other, that the recent invention of 
Schists's tonometer has given us an instrument 
whereby we ar® abl® clinically to note with accuracy 
the smallest rise or fall in the intra-ocular pres­
sure .
So far as I Know, none of those who have
studied this subject before have used (or at least
have recorded their use of) the tonometer in con-
#•junction with the sphygmomanometer, while the most 
recent writer on the subject, Kummell, has stated 
that some light may be shed on this admittedly dif­
ficult problem by such an investigation.
The thesis falls into four main divisions.
( 1 ) /
( I )  T o n o m e t r y . .
( 3 )  B lo o d  P r e s s u r e  M e a s u r e m e n t .
( 3  ) T h e  r e l a t i o n  o f  t h e  B lo o d  P r e s s u r e  t o
t h e  Ey® P r e s s u r e .
C4 ) T h e  q u e s t i o n  o f  t h e  p l a c e  h i g h  B lo o d  
P r e s s u r e  h a s  i n  t h e  a e t i o l o g y  o f  G la u c o m a .
4.
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THE INTRA-OCULAR TENSION AND I T S  MEASUREMENT.  
H IS T O R IC A L .
F A R T  I .
I t  h a s  l o n g  b e e n  a r e c o g n i s e d  f a c t  t h a t  i f  
p r e s s u r e  i s  m ade on t h e  e y e b a l l  t h r o u g h  t h e  u p p e r  
lid w i t h  t h e  f i n g e r s ,  t h e  f e e l i n g  o f  r e s i s t a n c e  
w h i c h  t h e  e y e b a l l  g i v e s  v a r i e s  g r e a t l y ;  som ° e y e s  
b e i n g  m a r k e d l y  s o f t  a n d  o f f e r i n g  v e r y  l i t t l e ,  i f  a n y ,  
r e s i s t a n c e ,  w h i l e  o t h e r s  f e e l  a s  h a r d  a n d  u n y i e l d i n g  
a l m o s t  a s  a s t o n e .  B e tw e e n  t h e s e  tw o  e x t r e m e s ,  e v ° r y  
d e g r e e  o f  h a r d n e s s  a n d  s o f t n e s s  m ay b °  f o u n d .
Th e  i m p o r t a n c e  o f  t h i s  p a r t  o f  t h e  e x a m in a ­
t i o n  o f  t h e  e y e  w as  e m p h a s is e d  w h e n  i t  w a s  n o t i c e d  
b y  M a c k e n z i e  and  v o n  G r a e f e  t h a t  i n  i n f l a m m a t o r y  
g la u c o m a  i n c r e a s e  i n  h a r d n e s s  o f  t h e  e y e  f o r  i n t r a ­
o c u l a r  t e n s i o n )  i s  t h e  e s s e n t i a l  a n d  m o s t  i m p o r t a n t  
s y m p to m . S t a r t i n g  f r o m  t h i s  o b s e r v a t i o n ,  a t t e m p t s  
w e r e  made b y  o p e r a t i v e  m eans t o  p e r m a n e n t l y  r e d u c e  
t h e  h i g h  t e n s i o n .  M a c k e n z i e ,  b y  r e p e a t e d  p a r a c e n t e ­
s i s  o f  t h e  c o r n e a  d i d  n o t  s u c c e e d  i n  e f f e c t i n g  a 
p e r m a n e n t  r e d u c t i o n ,  b u t  v o n  G r a e f e  w as  m o r^  s u c c e s s ­
f u l .  And  i f  o n e  m u s t  c o n c e d e  t h a t  h i s  o p e r a t i o n
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of iridectomy in this condition was "based on a 
( 1 )false pathology,, the glory is his non“* the less of 
introducing s procedure which has, since his first 
operation in 1356, saved many thousands of eyes 
which otherwise must have gone on to total blindness.
The yeai' 1356 was of special significance 
in regard to- glaucoma in another dir°ction, for in 
that year the pressure excavation of the optic nerve 
in the disease was first pointed out by Heinrich 
Muller. Shortly afterwards the ophthalmoscopic ap­
pearances of this excavation (or "cupping") were 
accurately described by Weber and Forster. This 
was also a great forward step in regard to the dis­
ease. Hitherto only the inflammatory cases had been 
diagnosed as glaucoma. Nov; it was seen that the same 
ophthalmoscopic picture was given in certain sasQs 
which had previously been classed with other undif­
ferentiated diseases as amaurosis, and it was re­
cognised that in many of these cases, if careful 
and repeated examination were made, the fingers were 
able to appreciate a rise of tension in the eye ball.
There still remained, however, a class of
case in which the ophthalmoscopic picture of glaucoma
! . . .
was present, but at no time was an increase of ten­
sion detected in the eye-ball. Such cases were 
classified/
7 .
classified as cases of glaucomatous "excavation 
without increased tension"• These cases will he re­
ferred to later.
-
But if in glaucoma as a rule the finger is 
able to appreciate a rise of intra-ocular pressure, 
there are other conditions in which the eye is notice­
ably softer than normal. These cases do not form, so 
marked a clinical entity as glaucoma, but among them 
should be noted certain stages in some forms of irido­
cyclitis, and also cases in which detachment of the 
retina has occurred.
In order to record the results of examina-
.tion of the eye tension, it has been the custom to 
use the notation T+l, T+2, T+3, for the cases in 
which the eye was found to be harder than normal; 
and T-i, T-2, T-5, for cases in which th° eyes were 
soft; T+3 and T-3 representing the opposite extremes. 
Estimation of tension by the fingers not satisfactory.
It has long been felt, however, that pal­
pation was at best only a rough-and-ready method of 
measuring the tension, and one which lacked scienti­
fic accuracy. The fingers of different observers
; *
vary greatly in their sensitiveness with regard to
pressure, and observers were conscious that the sen-
-
sitiveness of their own fingers varied in delicacy 
at /
at different times. It is not difficult to tell 
when an eve is of the T+3 or T-3 variety, hut it 
often becomes a difficult question to say whether 
an eye has or has not a + tension, especially where 
the patient has lost the other eye, or where the 
other eye is in such a pathological condition that 
its examination in useless for purposes of comparison.
And besides, cases may occur, after opera­
tion for glaucoma for example, where it is obvious 
that the one eye is harder than the other, but it 
is difficult to say whether the harder eye is or is 
not within the limits of normal tension.
In order to estimate the intra-ocula’i* pres­
sure with the scientific accuracy of the physiolo­
gist , it is necessary to introduce a canula into the 
eys-ball and connect it with some form of manometer.
In this way the pressure can be accurately measured, 
.•just as in th° cognate problem of the arterial pres­
sure the most accurate results are obtained by intro­
ducing a canula into an artery.
On the human subject, however, neither of 
these proceedings is in ordinary circumstances 
justifiable. One might conceivably introduce a 
canula into the popliteal artery just beforQ an am­
putation through the thigh . or connect the anterior 
chamber/
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c h a m b e r  o f  a n  e y e  w h i c h  w a s  i m m e d i a t e l y  t o  b e  e n u ­
c l e a t e d  w i t h  a m a n o m e t e r .
B u t ,  h o w e v e r  g r e a t  t h e  o c u l i s t ' s  c o n f i d e n c e  
i n  t h e  a s e p t i o i t y  o f  h i s  t e c h n i q u e ,  h e  w o u ld  b e  a 
b o l d  i f  n o t  a r e c k l e s s  man w ho w o u ld  p l u n g e  a c a n i l l a  
i n t o  t h e  a n t e r i o r  c h a m b e r  o f  a g la u c o m a t o u s  p a t i e n t ' s  
e y e ,  m e r e l y  t o  s a t i s f y  h i m s e l f  a s  t o  t h ~  a c t u a l  d e ­
g r e e  o f  p r e s s u r e  p r e s e n t  i n  t h e  e y e - b a l l .  E v e n  i f  
no h a rm  w e r e  t o  r e s u l t  f r o m  t h e  p r o c e d u r e ,  i t  i s  
o b v i o u s l y  o n e  w h i c h  c o u l d  o n l y  b e  a d o p t e d  u n d e r  v e r? /  
s p e c i a l  c o n d i t i o n s ,  a n d  c o u l d  n e v e r  b e  u s e d  f o r  t h e  
r o u t i n e  e x a m i n a t i o n  o f  c a s e s  i n  w h i c h  i t  w a s  d e s i r ­
a b l e  t o  t a k e  a f r e q u e n t  n o t e  o f  c h a n g e s  i n  t h e  i n t r a ­
o c u l a r  r e s s u r e .
M e a s u r e m e n t  o f  I n t r a o c u l a r  t e n s i o n  c l i n i c a l l y .
To o b v i a t e  t h i s  d i f f i c u l t y ,  v a r i o u s  a t ­
t e m p t s  h a v e  b e e n  made s i n c e  t h e  d a y s  o f  v o n  G -r a e fe  
t o  e s t i m a t e  t h e  t e n s i o n  o f  t h e  e v e - b a l l  b y  a n  i n s t r u ­
m e n t  w h i c h  s h o u ld  g i v e  a r e l i a b l e  a p p r o x i m a t i o n  t o  
t h e  m a n o m e t r i c  r e a d i n g ,  w i t h o u t  n e c e s s i t a t i n g  p u n c ­
t u r e  o f  t h e  e y e - b a l l ;  i n  t h e  same w a y  t h a t  v a r i o u s  
f o r m s  o f  s p h y g m o -m a n o m e te r  h a v e  b e e n  d e v i s e d  as  
c l i n i c a l  m e th o d s  o f  t e s t i n g  t h e  a r t e r i a l  p r e s s u r e  .
O f  t h e  v a r i o u s  f o r m s  d e v i s e d ,  t h o s e  o f
Maklakow/
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M a k la k o w  an d  S c h i o t z  a r s  t h e  tw o  w h i c h  h a v *  b e e n  m o s t  
w i d e l y  u s e d ;  a n d  o f  t h e s e  tw o  t h a t  o f  S c h i o t z  h a s  
p r o v e d  i t s e l f  t h e  m o re  u s e f u l  a n d  i s  d a i l y  c o m in g  i n t  
g r e a t e r  f a v o u r .
S c h i o t z ' s  T o n o m e t e r .
As a f u l l  d e s c r i p t i o n  o f  t h i s  
i n s t r u m e n t  h a s  b e e n  l a t e l y  p u b l i s h e d  i n  t h i s  c o u n +r y  
b y  c r i d l a n d  ( 2 ) ,  i t  i s  u n n e c e s s a r y  h e r e  t o  d e s c r i b e  
i t  i n  d e t a i l .
The a s s u m p t io n  on w h i c h  i t s  d e s i g n  i s  b a s ^ d  
i s  v i r t u a l l y  t h a t  w h i c h  w e m ake  i n  e s t i m a t i n g  i n t r a ­
o c u l a r  t e n s i o n  b y  th ®  f i n g e r s ,  v i s . ,  t h a t  t h e  i n d e n -  
t a b i l i t y  ( i f  I  may c o i n  t h e  w o r d ! ) )  o f  t h e  © y e - b a l l  
i s  i n  i n v e r s e  p r o p o r t i o n  t o  i t s  t e n s i o n ,  a n d  i s  
i d e n t i c a l  i n  e y e s  o f  t h e  same t e n s i o n .
The i n s t r a m e n t ,  w h i c h  i s  o f  a  kn o w n  f i x e d  
w e i g h t ,  t e r m i n a t e s  b e l o w  i n  a c o n c a v e  p l a t e ,  w h o s e  
c u r v a t u r e  i s  a s  n e a r l y  a s  p o s s i b l e  t h a t  o f  t h e  
n o r m a l  c o r n e a  ( r a d i u s  o f  c u r v a t u r e  =  15  m m . ) ,  an d  
i s  a p p l i e d  so as  t o  r e s t  d i r e c t l y  on  t h e  c o r n e a ,  t h e  
p a t i e n t  b e i n g  i n  t h e  s u p i n e  p o s i t i o n  a n d  l o o k i n g  
s t r a i g h t  u p w a r d s .  The t o n o m e t e r  i s  h e l d  i n  t h e  
o p e r a t o r ' s  h a n d  b y  a s l i d i n g  c o l l a r  w h i c h  r u n s  on  
f r i c t i o n  w h e e l s  i n  s u c h  a w a y  t h a t  t h e  i n s t r u m e n t  
c a n  b e  a p p l i e d  w i t h o u t  a n y  p r e s s u r e  b e i n g  e x ° r t e d
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by the operator on the °ye-ball.
Through the centre of the plat° which r°Rts 
on the cornea, a rod of 3 mm. diameter passes. To 
the upper end of this rod on3 of a ^ri^s of hnown 
weights (5*5, 7*5, 10 and 15 grammes respectively), 
can be readily attached. The amount of indentation 
of the cornea produced by this rod, plus the attach»! 
weight, is recorded by a lever on a millimetre scale. 
If the eye is of normal or sub-normal tension, the 
5*5 g. weight is sufficient to indent the cornea and 
give a reading on the scale. In eyes of higher-ten­
sion, this weight may not indent the cornea at all, 
in which case the i»ver remains beyond th» sero of 
th* scale, or may give & reading of less than 2 mm.
In either case the next higher weights must be used 
successively until one is reached which gives a 
reading between 2 and 4 mm. on the scale. This read­
ing is then compared with a chart furnished with the 
instrument from which the tension in mm. Hg. which it 
represents can be readily seen. This chart has been 
made by Schiots by comparison with the actual pres­
sures given by a manometer connected with the inter­






Source's .of Error in Tonometry.
All impression, tonometers srj subject to 
three chief sources of error, which are summarised 
by Cridland (loc. cit.) as foiiows:-
(1) The indentation of the globe is de­
pendent on th- curvature of the surface, a variable 
quantity in different eyes and in different parts of 
the same e y e .
(2) The intra-ocular pressure increases 
with any pressure upon the globe, such a s  th« weight 
of the instrument, and the pressure unconsciously 
exerted by the fingers in applying the instrument;and
(3) Th« indentation is dependent on the 
extensibility of the membrane - a variable quantity 
in different eyes.
In Schist?'s tonometer, however, these de­
fects are minimised in the following ways:-
(1) Th« ares indented by the rod of the 
tonometer has a diameter of onlv 3 mm., and th« 
variations in curvature of so small a surface ar« 
almost negligible.
(2) The weight of the instrument (apart 
from the detachable weight) is small and is constant, 
and/
1.3 •
and though it nay produce a slight increase in intra­
ocular pressure, this will fee the same in all cases.
As a matter of fact, this hypothetical increase in 
intra-ocular pressure is very rapidly eliminated by 
the tendency of normal eyes to diminish in tension 
during successive applications of the tonometer (s«° 
p. 22 ), while the pressure exerted by the fingers is 
minimise^ by the ingenious sliding collar already 
mentioned and its friction wheels, and is practically 
nil. This is proved by the fact that when the in­
strument is properly held, in position on the cornea, 
the collar may be moved gently up and down without 
producing any movement of the lever on tha scale.
With regard to the third source of error, 
this idea is based, on the view given expression to by 
Fuchs ( 3 ), that on account of the greater rigidity 
of the sclera in old people, their et̂ es feel harder 
as tested with the fingers than those of young people 
This, however, does not in my opinion hold with 
regard to the cornea. 1 have failed to find in the 
non-glaueomstous a progressive increase in thQ tension 
as measured by the tonometer with the increasing 
years of the patients examined.
Thus, faking the first reading of the tono­
meter/
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t o n o m e t e r  I n  e a c h  c a s e ,  a n d  t a k i n g  o n l y  t h o s e  o f  my 
c o n t r o l  c a s e s  who h a d  n o r m a l  e y e s ,  o r  e y e s  w i t h  o n l y  
a lo w  ( 4  2 D )  r e f r a c t i v e  e r r o r ,  I  h a v 0 f o u n d  as  f o l l o w s
A g e .  N o .  o f  e y e s  A v ^ r s g 0
e x a m i n e d .  P r e s s u r e .
2 0 - 2 9  9 16 *-61 ,
3 0 - 3 9  - 1 0  20
4 0 - 4 9  14 17*35
5 0 - 5 9  3 1 9 * 1 2
6 0 - 6 9 -  6 17*16
( D e t a i l s  o f  t h e s e  c a s ^ s  a r e  g i v e n  i n  a p p e n d i x .  N o . I I .
p 1 4 3 ) .
I  do  n o t  l a y  much s t r e s s  on these f i g u r e s ,  
a s  t h e  n u m b e rs  a r °  t o o  s m a l l .  B u t  so f a r  a s  t h e y  
go t h e y  t e n d  t o  show t h a t  a n y  h a r d e n i n g  o f  t h e  
s c l e r o t i c  w i t h . i n c r e a s i n g  y ° a r s  d o ° s  n o t  e x t e n d  t o  t h  
c o r n e a ,  o r  i f  i t  doers , d o ° s  n o t  a f f e c t  i t s  " i n d e n t a -  
b i i i t y "  b y  t h °  r o d  o f  P c h i o t z ' s  t o n o m e t e r .  M a r p l e  (14- 
c o n f i r m s  t h i s  o b s e r v a t i o n .  He s a y s  t h a t  a r i g i d  
s c l e r a  g i v e s  t h e  i m p r e s s i o n  o f  i n c r e a s e d  t e n s i o n  t o  
t h e  f i n g e r s ,  b u t  t h a t  t h i s  i s  n o t  c o r r o b o r a t e d  b y  
t h e  t o n o m e t e r .
We may c o n c l u d e  t h e n ,  t h a t  i n  S c h i o t c ' s  
t o n o m e t e r  t h e  e r r o r s  t o  w h i c h  i m p r e s s i o n  t o n o m e t e r s  
a r e  s u b j e c t  h a v e  b e e n  as  n e a r l y  a s  p o s s i b l e  e l i m i n a ­
t e d  .
P r a c t i c a l /
P r a c t i c a l  p o i n t s  i n  t o n o m e t r y .
I n  t h e  c o u r s e  o f  my w o r k  d u r i n g  t h e  l a s t  
f i v e  m o n th s  -  O c t o b e r  1 9 1 1  t o  F e b r u a r y  1 9 1 3  -  w i t h  
t h e  t o n o m e t e r ,  I h a v e  b e e n  l e d  to make t h e  f o l l o w i n g  
o b s e r v a t i o n s ,  w h i c h  m ay b e  w o r t h  r e c o r d i n g .
f l )  The t o n o m e t e r  m u s t  b e  a p p l i e d  t o  t h e
c e n t r e  o f  t h e  c o r n e a .  To a t t a i n  t h i s  e n d ,  t h e
p a t i e n t  m ust l i e  i n  t h e  s u p i n e  p o s i t i o n ,  w i t h  no  
p i l l o w ,  o r  o n l y  a v e r y  lo w  o n e ,  a n d  m u s t  f i x  h i s  e y e s  
on  a p o i n t  on  t h e  c e i l i n g  i m m e d i a t e l y  o v e r h e a d .  The  
a p p l i c a t i o n  o f  t h e  i n s t r u m e n t  o f  c o u r s e  o b s c u r e s  t h e  
v i s i o n  o f  t h e  e y e  w h i c h  i s  b e i n g  e x a m i n e d ,  a n d  c a r ~
m u s t  b e  t a k e n  t h a t  t h e  o b s e r v e r ' s  h a n d s  d o  n o t  come
b e t w e e n  t h e  o t h e r  e y e  an d  t h e  p o i n t  t h e  p a t i e n t  i s  
f i x i n g ,  o t h e r w i s e  h e  i s  v e r y  a p t  t o  m ove h i s  e v ° s  
a b o u t .
I n  t h e  c a s e  o f  t h o s e  w h o s e  v i s i o n  i n  t h e  
o t h e r  e y e  i s  i m p e r f e c t ,  a n  o b j e c t  m ay b e ' h e l d  b y  
an a s s i s t a n t  c l o s e  e n o u g h  f o r  h im  t o  f i x .  W h e re  t h e  
s e c o n d  e y e  i s  b l i n d ,  o r  w h e r e  t h e  p a t i e n t  h a s  o n l y  
o n e  e y e ,  i t  i s  o f t e n  d i f f i c u l t  t o  g e t  h im  t o  k e e p  h i s  
e y e  f i x e d  i n  t h e  r e q u i r e d  d i r e c t i o n ,  b u t  a l i t t l e  
p e r s e v e r a n c e  an d  e n c o u r a g e m e n t  o f  t h e  p a t i e n t  w i l l  
g e n e r a l l y  l e a d  t o  s u c .c e s s . I n  s m a l l  c h i l d r e n ,  how e v e  
( e . g . ,  i n  c a s Qs o f  b u p h t h a l m o s  ) i t  is o f t e n  impos­
sible /
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i m p o s s i b l e  t o  o b t a i n  a r e l i a b l e  r e a d i n g  w i t h o u t  the* 
u s e  o f  a g e n e r a l  a n a e s t h e t i c .
( 2 )  I t  i s  o b v i o u s l y  i m p o s s i b l e  f o r  t h e  
o b s e r v e r  t o  k e e p  h i s  e y e s  b o t h  on  t h e  p a t i e n t ’ s e y e  
a n d  on t h e  s e a l 0 o f  t h e  i n s t r u m e n t .  F o r t u n a t e l y ,  
h o w e v e r ,  t h e r e  i s  a  p h e n o m e n o n .w h ic h , a s  a r u l e ,  
e n a b l e s  h im  w h e n  l o o k i n g  a t  t h e  s c a l e  t o  b e  c e r t a i n  
t h a t  t h e  e y a i s  s t i l l  i n  c o r r e c t  p o s i t i o n  -  I  r e f e r  
t o  t h e  p u l s a t i o n  o f  t h e  l e v e r .  T h i s  p u l s a t i o n  i s  
p r e s e n t  i n  a l m o s t  e v e r y  e x a m i n a t i o n ,  t h o u g h  i n  g l a u ­
c o m a to u s  e y e s  i t  may b e  v e r y  s l i g h t  o r  b e  a b s e n t .
I t  v a r i e s  i n  e x t e n t ,  s o m e t im e s  b e i n g  a l m o s t  i m p e r ­
c e p t i b l e ,  b u t  n e v e r ,  so f a r  a s  I  h a v e  s e e n ,  d o a s t h e  
l e v e r  s w in g  t h r o u g h  m o re  t h a n  tw o  o f  t h e  m i l l i m e t r e  
d i v i s i o n s  on t h e  s c a l e .  The m i d - p o i n t  o f  t h e  s w i n g  
i s  t a k e n  as  t h e  r e a d i n g .
The o b s e r v e r  a c c o r d i n g l y  w a i t s  t i l l  t h e  
e y e  i s  i n  c o r r e c t  p o s i t i o n ,  a p p l i e s  t h e  i n s t r u m e n t  
t o  t h e  c o r n e a ,  an d  t h e n  g l a n c e s  q u i c k l y  a t  t h e  s c a l e .  
I f  he s e e s  t h i s  p u l s a t i o n  o f  t h e  l e v e r ,  h e  t a k e s  
t h e  r e a d i n g .  I f  n o t ,  ho  g l a n c e s  down an d  p r o b a b l y  
f i n d s  t h a t  t h e  e y e  h a s  m o v e d , so  t h a t  t h e  i n s t r u m e n t  
no l o n g e r  r e s t s  e n t i r e l y  on t h e  c o r n e a ,  a n d  a n o t h e r  
a t t e m p t  m u s t  b e  made t o  g e t  t h e  p a t i e n t  t o  k ° e p  h i s  
e y e s  i n  t h e  p r o p e r  p o s i t i o n .
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So f a r  a s  I  k n o w , no o n e  h a s  y e t  d e f i n i t e l y  
p r o v e d  t o  w h a t  t h i s  p u l s a t i o n  i s  d u e .  K r a m e r  (5 ) 
s t a t e s  t h a t ,  a f t e r  r e p e a t e d  t r i a l s ,  h e  h a s  r e c o g ­
n i z e d  t h a t  t h e  p u l s a t i o n  i s  r e a l l y  t h a t  o f  t h e  o b ­
s e r v e r ’ s r a d i a l  a r t e r y ,  c o m m u n ic a te d  t h r o u g h  t h e  
c o l l a r  o f  t h e  i n s t r u m e n t  t o  t h e  l e v e r .  G i l b e r t  ( 6 ) ,  
o n  t h e  o t h e r  h a n d ,  t h i n k s  t h e  p u l s a t i o n s  a r e  d u e  t o  
t h e  p a t i e n t ,  a n d  a r e  s y n c h r o n o u s  w i t h  h i s  p u l s e .  He 
b a s e s  t h i s  c h i e f l y  on t h e  r a p i d i t y  o f  t h e  p u l s e  a f t e r  
v e n e s e c t i o n  — t h i s  r a p i d i t y  b e i n g  s h a r e d  b y  t h e  p u l ­
s a t i o n s  o f  t h e  l e v e r .
I  a t t e m p t e d  t o  p r o v e ,  o r  d i s p r o v e ,  t h i s ,  
by- f e e l i n g  my own p u l s e  a n d  w a t c h i n g  t h e  l e v e r  w h i l e  
a n o t h e r  o b s e r v e r  f e l t  t h e  p a t i e n t ’ s p u l s e  .and  w a t c h e d  
t h e  l ° v e r ,  b u t  t h e  p u l s e s  w ° r e  n e a r l y  a t  t h e  same  
r a t e ,  and i t  was i m p o s s i b l e  t o  s a y  definitely w h i c h  o 
th e m  w as s y n c h r o n o u s  w i t h  t h e  p u l s a t i o n  o f  t h e  l e v e r .
By a s i m p l e  e x p e r i m e n t ,  h o w e v e r ,  I  w as  a b l e  
d e f i n i t e l y  t o  p r o v e  t h a t  t h e  p u l s a t i o n s  o f  t h e  l ° v e r  
c o r r e s p o n d  t o  t h e  p a t i e n t ’ s ,  a n d  n o t  t o  t h e  o b s e r v e r '  
p u l s e .  I  p r o c u r e d  a s t a n d  w i t h  a v e r t i c a l  s l i d i n g  
r o d ,  t o  w h i c h  a h o r i z o n t a l  b a r  w a s  a t t a c h e d .  To t h e  
h o r i z o n t a l  b a r  a t e s t - t u b e  h o l d e r  w as  l a s h e d ,  an d  
t h e  c o l l a r  o f  t h e  t o n o m e t e r  w a s  f i x e d  i n  t h e  j a w s  
o f /
o f  t h a t e s t - t u b e  h o l d e r .  I  w as  t h u s  a b l e  t o  r a i s e  o r  
l o w e r  t h e  t o n o m e t e r ,  h e l d  v e r t i c a l l y ,  a t  w i l l .
A p a t i e n t  p l a c e d  on t h e  t a b l e  h ad  b i s  e y e  
a n a e s t h e t i z e d  b y  h o l o c a i n e .  Th e  a p p a r a t u s  w a s  t h e n  
a d j u s t e d  so t h a t  t h a t o n o m e t e r  w as  v e r t i c a l l y  a b o v e  
t h e  p a t i e n t ' s  e y e .  The v e r t i c a l  s l i d i n g  r o d  w a s  t h e n  
l o w e r e d ,  u n t i l  t h e  t o n o m e t e r  w a s  r e s t i n g  on t h e  
p a t i e n t ’ s c o r n e a ,  a n d  w as f i x e d  i n  t h a t  p o s i t i o n .
I  w as  t h u s  a b l e  a b s o l u t e l y  t o  e x c l u d e  t h e  
o b s e r v e r ' s  p u l s e ,  as  h i s  p l a c e  w a s  t o h e n  b y  t h i s  m e ­
c h a n i c a l  c o n t r i v a n c e ,  w i t h  w h i c h ,  a f t e r  t h e  a d j u s t ­
m e n ts  w e r e  m a d e ,  h e  w as  no l o n g e r  i n  c o n t a c t .  P u l ­
s a t i o n s  o f  t h e  t o n o m e t e r  l e v e r ,  h o w e v e r ,  a p p e a r e d  
a s  u s u a l ,  and  i t  w as  e a s y  t o  o b s e r v e  t h a t  t h e y  w * r e  
s y n c h r o n o u s  w i t h  t h e  b e a t  o f  t h e  p a t i e n t ' s  c a r o t i d  
a r t e r y .
A n o t h e r  w a y  i n  w h i c h  m o vem en t o f  t h e  e y e  
i s  shown i s  b y  a s u d d e n  m o v e m e n t  o f  t h e  l e v e r  t h r o u g h  
s e v e r a l  mm. on t h e  s c a l e .  T h i s  a l w a y s  m e a n s  t h a t  
t h e  e y e  h a s  m o ved  so t h a t  p a r t  a t  l e a s t  o f  t h e  f o o t ­
p l a t e  o f  t h e  i n s t r u m e n t  now r e s t s  on  t h e  c o n j u n c t i v a  
c o v e r i n g  t h e  s c l e r o t i c .  T h is  b e i n g  a m uch l a x e r  t i s ­
s u e  t h a n  t h e  c o r n e a ,  an d  i t s  c u r v a t u r e  d i f f e r i n g  f r o m  
t h a t  o f  t h e  c o r n e a , i t  i s  e a s y  t o  s e e  t h a t  t h e  t o n o ­
m e t e r /
tonometer cannot furnish correct readings in this 
position.
( 3 )  Th e  i n s t r u m e n t  m u s t  h e  h e l d  a s  n e a r l y  
as  p o s s i b l e  v e r t i c a l l y .  I f  i t  i s  t i l t e d  t o  o n e  o r  
o t h e r  s i d e  i t s  f o o t  d o e s  n o t  r e s t  p r o p e r l y  o n  t h e  
c o r n e a ;  and b e s i d e s ,  t h e  f r i c t i o n  b e t w e e n  t h e  r o d  and  
t h e  c o l l a r  i s  im m e n s e ly  i n c r e a s e d  a n d  v i t i a t e s  t h e  
r e a d i n g s .  T h a n h s  h o w e v e r  t o  t h e  f r i c t i o n  w h e e l s  r e ­
f e r r e d  t o  a l r e a d y ,  s l i g h t  d e v i a t i o n s  f r o m  t h e  v e r t i c a l  
do n o t  m a t t e r .
( 4 )  I n  e y e s  w i t h  s s m a l l  p a l p e b r a l  a p e r t u r e ,  
i t  may b e  n e c e s s a r y  t h a t  t h e  f o o t - p l a t e  o f  t h e  i n s t r u ­
m e n t s h o u ld  b e  u n d e r n e a t h  t h e  u p p e r  l i d .  I f  c a r e  i s  
t a h e n  t h a t  t h e  l i d  d o e s  n o t  t o u c h  t h e  i n s t r u m e n t ,  no 
e r r o r  i s  c a u s e d  b y  t h i s  m a n o e u v r e .
(5) Schiotz originally advised (7) that 
ether or alcohol should be used to clean the instru­
ment after use. He now (3 ) advises against this pro­
cedure, from the rish of ulceration of th-° cornea 
from the fluid accidentally coming in contact with 
the cornea.
I f ,  h o w e v e r ,  s t u l p h u r i c  e t h e r  i s  u s e d ,  t h i s  
e v a p o r a t e s  so q u i c h l y  t h a t  i f  a m i n u t e  i s  a l l o w e d  
t o  e l a p s e  b e t w e e n  t h e  c l e a n s i n g  o f  t h e  i n s t r u m e n t  
a n d /
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and i t s  a p p l i c a t i o n  t o  a p a t i e n t ' s  a y e ,  t h e r e  c a n  b e  
no  d a n g e r ,  a t  o r d i n a r y  ro o m  t e m p e r a t u r e s ,  o f  a n y  
e t h e r  b e i n g  s t i l l  u n e v a p o r a t e d .
I t  i s  w e l l ,  t h o u g h ,  t o  s a t i s f y  o n e s e l f  b y  
a g l a n c e  t h r o u g h  t h e  t u b e  o f  t h e  i n s t r u m e n t ,  i n  
w h ic h  t h e  r o d  w o r t s ,  t h a t  no e t h e r  i s  l u r k i n g  t h e r e .  
I f  a n y  d o u b t  i s  f e l t ,  i t  c a n  b e  p a s s e d  t h r o u g h  a 
s p i r i t  f l a m e  t o  m a t e  c e r t a i n .
(6 ) M any  o b s e r v e r s  a d v i s e  c o n f i r m i n g  t h e  
r e a d i n g s  b y  u s i n g  t h e  n e x t  h i g h e r  w e i g h t .  T h i s  , I  
b e l i e v e  t o  b e  q u i t e  u n n e c e s s a r y  i f  p u l s a t i o n  o f  t h e  
l e v e r ,  a s  n o t e d  a b o v e ,  i s  s e e n .  R e a d in g s  t s t e n  i n  
t h e s e  c i r c u m s t a n c e s  a r e  i n v a r i a b l y  i n  my e x p e r i e n c e  
c o n f i r m e d  i f  t h e  h i g h e r  w e i g h t  i s  u s e d .
( 7  ) A n o t h e r  i m p o r t a n t  p o i n t  i n  u s i n g  t h e  
i n s t r u m e n t  i s  t h a t  t h e  w e i g h t s  m u s t  a lw a y s  b e  f a s ­
t e n e d  t o  t h e  r o d  w i t h  t h e i r  w e i g h t - m a r k  u p p e r m o s t .  
T h is  i s  t h e  n a t u r a l  t h i n g  t o  d o ;  b u t  a  w e i g h t  may  
q u i t e  e a s i l y  b e  p i c k e d  u p  a n d  a p p l i e d  u p s i d e - d o w n .  
When so u s e d  t h e  w e i g h t  i t s e l f  t o u c h e s  t h e  l o w e r  
a rm  o f  t h e  l e v e r ,  w h e r e a s  o n l y  t h e  t o p  o f  t h e  r o d  
s h o u ld  do  s o ,  a n d  a f a l s e  r e a d i n g  i s  g i v e n .  To p r e ­
v e n t  m i s t a k e s  o f  t h i s  k i n d ,  t h e r e  i s  f u r n i s h e d  w i t h  
t h e  i n s t r u m e n t  a s o l i d  p l a t e  w h o s e  u p p e r  s u r f a c e  i s  
c u r v e d /
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c u r v e d  so t h a t  i f  t h e  i n s t r u m e n t  i s  p l a c e d  on  i t  w i t h  
a n y  o f  t h e  w e i g h t s  a t t a c h e d  t h e  l e v e r  g o e s  t o  t h e  
zero m a r k .  I f  t h i s  i s  d o n e  b e f o r e  t a k i n g  a n  e y e  
r e a d i n g ,  m i s t a k e s  o f  t h i s  n a t u r e  a r e  p r e v e n t e d .
T h i s  p l a t e  w o u ld  a l s o  b e  u s e f u l  i n  t h e  
e v e n t  o f  t h e  l e v e r  g e t t i n g  b e n t ,  as  i t  w o u l d  e n a b l e  
on e  t o  t e l l  w h e n  i t  h a d  b e e n  b r o u g h t  b a c h  t o  t h e  
c o r r e c t  a l i g n m e n t .
( 3  ) I  h a v e  f o u n d  i t  a g r e a t  c o n v e n i e n c e  
t o  h a v e  t h e  v a l u e s  i n  mm. H g .  f o r  e a c h  r e a d i n g  o f  t h e  
i n s t r u m e n t  w r i t t e n  o u t  i n  t a b u l a r  f o r m .  One i s  t h u s  
e n a b l e d  t o  r e c o r d  o n e ' s  r e s u l t s  a t  o n c e  i n  mm. H g . ,  
i n s t e a d  o f  m e r e l y  n o t i n g  t h e  r e a d i n g s  o f  t h e  i n s t r u ­
m e n t and  l a b o r i o u s l y  w o r k i n g  th e m  o u t  a f t e r w a r d s  
f r o m  t h e  cha  r t .
T h e  v a l u e s  f o r  e a c h  mm. o f  t h e  s c a l e  m ay  
b e  w r i t t e n  o u t  f o r  t h e  5 * 5  w e i g h t .  I n  t h e  c a s e  o f  
t h e  h e a v i e r  w e i g h t s ,  o n l y  t h e  v a l u e s  u p  t o  4 mm. o f  
t h e  s c a l e  n e e d  b e  r e c o r d e d ,  a s  i t  i s  o n l y  r e a d i n g s  
b e t w e e n  2  an d  4 mm. w h i c h  S c h i o t z  c o n s i d e r s  s u f f i c i e n t  
l y  a c c u r a t e .
( 9 )  I n c i d e n t a l l y ,  t h e  t o n o m e t e r  i s  v a l u a b l e  
i n  d i r e c t i n g  a t t e n t i o n  t o  t h e  s i z e  o f  t h e  c o r n e a .
I t s /
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I t s  b a s e  b e i n g  9 ram. i n  d i a m e t e r ,  t h e  o b s e r v e r  g ro w s  
a c c u s t o m e d  t o  t h e  r i n g  o f  1 mm. o f  c o r n e a  u n c o v e r e d  
b y  t h e  t o n o m e t e r  i n  e y e s  o f  n o r m a l  s i z e ;  an d  a n y  d e ­
p a r t u r e  f r o m  t h i s  i s  a t  o n c e  o b v i o u s .
p r e s s u r e  s t e a d i l y  d i m i n i s h e s  u n d e r  t o n o m ^ t r i c  e x a m in a  
t i o n .  I f  t h r e e  o r  f o u r  s u c c e s s i v e  r e a d i n g s  a r e  
t a h e n  a t  i n t e r v a l s  o f  |  t o  1 m i n u t e  o r  s o ,  t h e  f i r s t  
w i l l  b e  t h e  h i g h e s t ,  a n d  t h e  f o u r t h  a s  a r u l e  w i l l  
b e  t h e  l o w e s t .  O r d i n a r i l y  t h i s  d i m i n u t i o n  d o e s  n o t  
go on i n d e f i n i t e l y  -  2 t o  6 mm. f a l l  b e i n g  a common 
l i m i t .  To a c e r t a i n  e x t e n t ,  i t  v a r i e s  w i t h  t h e  
l e n g t h  o f  t i m e  d u r i n g  w h i c h  t h e  i n s t r u m e n t  r e s t s  
on  t h e  e y e ,  b u t  i t  o c c u r s  e v e n  w h e n  t h e  o b s e r v e r  i s  
p r a c t i s e d  i n  t h e  u s e  o f  t h e  i n s t r u m e n t ,  a n d  o n l y  
r e q u i r e s  a s e c o n d  o r  tw o  t o  t a h e  t h e  r e a d i n g ,  c h a r t s  
i l l u s t r a t i n g  t h i s  p h e n o m e n o n ^ a re  a p p e n d e d .
1-iL 2-22. j a 7
( 1 0  ) I n  n o r m a l  e y e s  I  h a v e  f o u n d  t h a t  t h e
lo
%o. r v r
* -■ «.c  i  * // ,
CUvr X
23.
/c r< u . toi M-i fo-li. /«•<>- ÍU-Í' to-6 fc>!" /O'-Sr to ? «-/o
-H4UJ.
to-
Í m X  HL) /  ^  1ctVi f o f 7 •
C. k .a.v£TP iv^L^i / 1
3-31 3-49 5 -^9
1c ~ 4 f -  3 3 9
V?H r. • t* * y




l<L¿̂ Ar crxv UrCfcA y\̂ û ~->̂ r iruA'
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In glaucoma cases, on the' other hand, the 
pressure often rises, instead of-falling during exami­
nation, sometimes remains stationary, and sometimes 
falls. In the latter case, the fall as a rule is a 
| small one. The explanation of the phenomenon in the 
normal eye probably is that the weight of the tono­
meter drives some fluid out of the eye, and so reduces 
its tension; while in the glaucomatous eye the out- 
1 flow channels are largely blobbed, and this escape 
does not tafce place, or tabes place much more slowly.
Why an increased pressure should often tahe
Place, however, is not so easily explained. We may
.
have perhaps to wait for an explanation until we under­
stand glaucoma itself. .If we adopt for the moment, 
"without prejudice", to use the legal phrase, the in­
creased secretion theory of glaucoma, it may be that 
the weight of the instrument sets up a reflex stimula­
tion of the secreting cells.
The behaviour of glaucomatous eyes under 
the tonometer I consider a point of great impor­
tance. When the initial pressure is high, but 
sinfcs rapidly under tonometric examination, I con­
sider the eye in a. much less serious condition 
than an. eye with a similar initial reading, in 
which the pressure either rises or sinhs 
very /
very slowly.
In the light of the above-mentioned facts,
I consider it advisable in every examination to take 
three or four readings and to record the results.
When the ordinary fall has been observed, the first 
and last readings onlv need be recorded. Thus 23-17 
would mean that the first reading was 23, and the 
last 17. Where this fall has not tahen place, or 
there has been an intermediate rise, the various 
readings should be recorded in succession, e.g., 
45-48-43, or 45-45 where no fall has tshen place. 
Where readings are not given in this way.in my lists 
of cases, it iS to understood either that the normal 
fall tooh place, or that for some reason or other 
I had to be content with a single reading.
In comparing results, of course, it is 
necessary to take a fixed figure, and this i have tsten 
as the first reading in every ease. To take the mean 
of three readings, as is sometimes advised, would
m is le a d .
A recent paper by Dr. Poiafc van Gelder (9) 
refers to this diminution of tension under tonometrv. 
The value of the paper is discounted to some extent




No. I., apparently in ignorance of th<* alteration 
which sehiotz has since made (vide infra) in th* valu 
in mm. Hg. to be attached to the different readings 
of the tonometer.
In one of his cb.r°r (a boy of 11), tha 
tension fell from 24*5 to 21*5 during 10 applications 
of tha tonometer in rapid succession. On waiting 
for one minute, the tension had risen to 27*5. Nine 
rapid applications of the tonometer brought it down 
to 21*5, after half a minute it had risen to 22*5.
Six applications reduced it to 20, on° minute's wait 
raised the tension to 24*5 (its original height); 
nine applications reducing it this time to 17*5.
After two minutes wait, a reading of 21*5 was ob­
tained. Five minutes later the original reading of 
24*5 was got. In another case (a man of 59), a pres­
sure of 24*5 reduced by tonometry to 22*5 had risen 
to its original figure after one minute's wait. I 
have seldom seen a case in which this return to the 
first reading occurred, and I consider such cases 
quite abnoi*mel.
In other ces^s which he quotes, his ex­
perience coincides more nearly with mine - the first 
pressure taken being the highest, and not being again 
reached/
reached in the course of observation, even where 
intervals of one, two, or more minutes &r° allowed 
to elapse between applications of the tonometer.
(11) The anaesthetic I have used through­
out is that recommended by schiotz, vis., holo- 
caine. This causes considerable smarting in som° 
eyes, but has the advantage over cocaine that it 
does not dilate the pupil.
Results of Tonometric observations.
As the result of experiments on normal 
eyes Schiotz fixes the limits of normal pressure 
as those which give readings of 3 to 6 mm. with the 
5*5 g. weight. In the curves which he'first pub­
lished in 1905 (7 ), this was equivalent to 31 to ?a  
mm. Hg., but subsequently (3) he found that these 
figures were too high, and that the true equivalents 
for these readings of the tonometer were 25 to 15*5 
mm. Hg. These are the readings which are given on 
the chart (marked II,), now furnished with his tono­
meter, Other observers working with his tonometer 
and his second chart have come to very similar con­
clusions.
Langenhan ( io) gives his results on 60 





Stoch (11 ) in 100 normal ay°s found 26 to 
12 an the limits.
Marple (12 ) found 24 to 1 3 , the average 
"being 19*5.
Hans Oeding (13 )* in 122 normal eyes 27 to 
13’5. In two oases 29 mm.
My results in normal eyes.
iiy observations were not made with a view 
to determining this question, and man?/ of the 180 
eyes examin'd by me were not normal. But exsluding 
all eyes, whether glaucomatous or not, in my series 
of primary glaucoma cases, and excluding all abnormal 
eyes in my control cases, I find I have examined 43 
normal eyes. The pressure in these oases varied 
between 25 and 12 mm. Hg., the average being 13’03 
mm. Hg.
Cases in my ’control1 series with eye pressures above 
Schists's normal limit of 25 mm. Hg .
In 121. eyes examined in my series of con­
trol cases, I have found in eleven of them a tension 
above Schiotz's limit of 25 mm. Hg. Notes of these 
cases ar5 given in an appendix* ( Appendix.IV..p 146.) 1
may here briefly summarize them.
Of the eleven, four were cases of secondary
glaucoma;/
30.
glaucoma; three were cases of iritis; while one case 
with detachment of retina and another with disloca­
tion of the lens should probably be classed as 
secondary glaucoma.
There remain two cases. One (Case No. IIlj.); 
in a cstaractous eye in which swelling of the lens 
may have produced a tendency to high pressure - 
secondary glaucoma due to cataract being a well-fcnown 
clinical entity. It should be noted that the pres­
sures fell-rapidly under successive applications of 
the tonometer. This is a point to which, as I have 
already said, I have come to attach great clinical 
importance.
• The other case (No. XXVIII.-) is a very 
interesting one, especially in regard to the question 
of the part which venous stasis and oedema play 
in the aetiology of glaucoma. The patient, a woman 
of 54, was dropsical, suffering from heart disease 
and albuminuria. She had hypermetropic astigmatism 
(+4), and poor central vision in each eye. The pres­
sure in each eye was 34 mm. Hg. I regret that I 
was unable, because of the patient’s condition, to 
complete my examination of the case. It should be 
noted here also that under tonometry the high pres­
sure rapidly fell from 34 to 26, but even the lat­
ter figure is above normal.
T h e /
31-
The analysis of these cases does not sh&he 
one’s faith in the soundness of the dictum of Schiotz 
that any case which gives with his tonometer a read­
ing of over 25 mm. Hg. should be viewed with the 
gravest suspicion. It may well be that the cases of 
cataract occasionally seen, which after a perfectly 
performed operation, and with clear media, do not 
obtain e/e vision with any glass, may be cases in 
which a slight rise of tension fundetectable by the 
fingers and giving rise to no subjective symptoms), 
has been present during the ripening of the cataract. 
In view of this possibility it would be advisable, 
wherever practicable, to tsie the tension of such 
patients from time to time. If a tension above norma 
is found, miotics might be used, or in the event 
of their failing to reduce the tension, preliminary 
iridectomy might be done.
The use of the tonometer is so simple, so 
rapid, and so safe, that its systematic employment 
would tale up little of the observer’s time, and 
might well repay him by its findings.
Cases in eyes tn operated on in both my s°ries, with 
eye pressures below Schiotz's normal limit of 15*5 
mrn. Hg.
Turning now to the question of hypotony,
i /
32.
I find I have.examined no fewer than 18 eases in my 
two series (excluding ell eyas that had been operated 
on), in which I found tensions helow Schiotz's limit 
of 15*5. Th°se cases a r  given in detail in the 
Appendix V.(-p.i48) They may be here summarized.
Seven of them were cases of myopia of 
varying degree (three of them complicated with choro­
iditis and one with cataract); two others were catar­
act cases; one a case of choroiditis; one of detach­
ment of the retina in a hypermetropic eye (+2); one 
a hypermstropia of +1D; four had disease in the 
other eye ( 1 sarcoma, 1 glaucoma, 1 retro-bulbar 
neuritis, l iritis); the remaining two were in 
patients with good vision suffering from chronic 
disease (one gastric, the other tubercular spinal 
trouble).
In view of these last two cases especially, 
both of whom had 6/6 vision and good fields, I am 
inclined to think that Schiotz's lower limit of 15*5 
is too high. It is certainly possible to get ap­
parently p°rf'°ct vision in an eye in which th° ten­
sion may be even at times below 12 mm. If with Stock 
(loc.cit. ) we take 12 mm. as the lower limit in 
normal eyes, only three of the cases examined were 
below it, viz., Case X., high myopia and cataract, 
Case/
33-
Case XLIII. myopia and choroiditis, Case LIV., with 
perfect vision, hut a sarcoma in the other ? va .
Myopia. The association of myopia with low tension 
has heen denied by Marple (loc.cit. ) but my observa­
tions tend the other way. A glance at the table of 
my myopia cases ( Appendix ,No .III .p.145), will show 
that their general level of eye pressure was much 
belo?; normal.
Eye Pressures in Glaucoma.
In only on° esse recorded so far (l^), 
s i n c e  th° tonometer came into use, has glaucoma been 
seen with a tension within the normal limits. This 
case of Stock's with typical glaucoma had pressures 
in one eye of 22, and in the other of 25. He con­
cludes that these pressures, though apparently normal, 
must have been high for the individual.
The pressures in my cases ar° given in 
detail in the Table (vide p.74 inf re), and need. not 
be quoted here.
Some of the fac ts are worth noting.
(1) In no case of glaucoma unoperated on 
and untreated with miotics did I find a pressure of 
less than 30 mm. Hg. This coincides with th3 ex­
perience of most observers. The cases formerly 
spoken/
3*f.
spohen of as "Excavation without, increased tension" 
no longer exist. The tonometer has proved that in 
all such cas®s (with the one exception referr°d to 
above) there is a rQal increase of tension, though 
this may he quite undetectable by the fingers.
(2) The beneficial action of miotics was 
well shown by tha tonometer in the following cases.
Glaucoma Case No.^XV. Eye pressure of 30-2 
fell to 23—21 (other was 14-?).
Case No. XXI. Eye Pressure of 40-36 fell
to 26.
Case No. XXV. 65 fell -39.
Case No. XXXI. 33-30 fell to 21-18 under 
pilocarpine t.i.d.; when this was reduced to once 
daily, th° pressure rose to 32-22.
Pressures of 100 or over were got in four 
cases, vis., Nos. I., II., VII., XIX.
In ey°s blind from glaucoma, and n^v^r 
operated on, the following pressures vmr0 got:- 104, 
102, 89, 39, 82, 74, 71, 54, 45, 30 (Cass VIII.).
The tonometer as a test of the efficacy of operations
One very special value of the tonometer is 
in testing th~ results of operation. To mafce any 
statistics of comparison between different operations 
very much larger numbers of cases must be examined 
than I have had the opportunity of testing, but in 
28/
23 cases I had th° opportunity of studying with the 
tonometer the effect upon tension of some or other 
operation for primary glaucoma. In IS the pressures 
tested at varying periods from two weeks to fifteen 
months after operation were within normal limits. 
Hypotony after operation for glaucoma.
Three had very low tensions. One of these 
with a tension of 4 mm. Kg., was examined only two 
weeks after operation and would probably, like other 
similar cases I had opportunities of re-testing, rise 
to a normal figure later on. Two others were seen 
ten and nine months respectively after operation, 
and had tensions below 4 mm. Hg. In both cases the 
eye was somewhat irritable, but in neither had there 
been any deterioration 0 1 vision, or any detachment 
of the retina since the operation. Both were tre­
phine cases in which a large iridectomy had been done 
at the operation.
Cases in which eye pressure after operation remained 
above normal limits.
In seven cases the eyes were above normal 
limits. In four of these the pr^ssuies wer° 30 or 
under. One of these with very limited vision was no 
worse 14 months after operation; another, 10 months 
a f t e r /
*5.
3 6 .
a f t e r  o p e r a t i o n ,  w a s  v e r y  s l i g h t l y  w o r s e ;  t h e  t h i r d  
w a s  b l i n d  t o  s t a r t  w i t h ;  t h e  o p e r a t i o n  h a d  b e » n  u n d e r  
t a k e n  t o  r e l i e v e  p a i n ,  a n d  h a d  b e e n  p e r f e c t l y  s u c ­
c e s s f u l  f r o m  t h a t  p o i n t  o f  v i e w .  T h e  f o u r t h ,  a n  
. ■ a c u t e  g l a u c o m a ,  5  w e e k s  a f t e r  o p e r a t i o n ,  h a d  i m p r o v e d
I n  t h e .  t h r e e  o t h e r  c a s e s ,  t h e  p r o c u r e  
w a s  o v e r  3 0 .  On® o f  t h e s e  w a s  b l i n d  t o  s t a r t  w i t h ,  
o n e  h a d  d e v e l o p e d  c a t a r a c t  a n d  V . A .  c o u l d  n o t  b e  
t e s t e d ,  w h i l e  n o  r e l i a b l e  d a t a  w e r °  a v a i l a b l e  c o n ­
c e r n i n g  t h e  s t a t e  o f  + h °  t h i r d  p r i o r  t o  o p e r a t i o n .  
V a r i a b i l i t y  o f  t e n s i o n  i n  g l a u c o m a t o u s  e y e s .
I n  c o n s i d e r i n g  t h e s e  f i g u r e s ,  i t  i s  i m ­
p o r t a n t  t o  b e a r  i n  m i n d  t h a t ,  w h i l e  i n  n o r m a l  e y e s  
t h e r e  i s  l i t t l e  o r  n o  v a r i a t i o n  i n  p r e s s u r e  a t  d i f ­
f e r e n t  t i m e s  o f  d a y ,  i n  g l a u c o m a t o u s  e y e s  t h e r °  m a y  
b*a g r e a t  v a r i a t i o n s .  M a s l e n i k o w  ( 1 5  ) ,  u s i n g  M a k -  
l a k o w ’ s  t o n o m e t e r ,  f o u n d  t h e  t e n s i o n  i n  g l a u c o m a  
a l w a y s  h i g h e r ,  s o m e t i m e s  b y  a s  m u c h  a s  2 3  m m . ,  i n  
t h e  m o r n i n g  t h a n  a t  n i g h t .
S c h i o t s  ( 3  ) a l s o  r e p o r t s  a c a s e  i n  w h i c h  
i r i d e c t o m y  h a d  b e ^ n  d o n e  f o r  c h r o n i c  g l a u c o m a . S o m e  
w e e k s  l a t e r  t h e  e y e  w a s  v e r y  s o f t  ( 3  m m . ) ,  b u t  n e x t  
d a y  i t  w a s  4 0  mm.  T h e  p a t i e n t  s t a t e d  t h a t  h i s  e y e  
o f t e n  f e l t  v e r y  s o f t  a t  o n e  t i m e  o f  t h e  d a y  a n d  
h a r d  /
V. aronholm (16.), in an interesting stud?/ 
on the effect of the size of the pupil, accommodation 
and convergence on the tension, reports a case in 
which the tension fell from 37 to 23 as the result 
of miosis and accommodation, from reading with the 
face to the window in s good light for three quarters 
of an hour. The sam° patient then sat in the dark 
for three quarters of an hour, and the eye pressure 
went up to 65.
Other values of the tonometer.
As it may be taken as almost an invariable 
rule that a glaucomatous eye (untreated) has a pres­
sure of 30 mm. Hg. or over, the tonometer furnishes 
us with a ready means of differentiating between 
those cases of optic atrophy in which the condition 
iS'primary, and those in which the atrophy is secon­
dary to glaucoma.
Its value in giving an exact reading of 
the tension is one that all ophthalmic surgeons will 
find invaluable, "is or is not that tension raised?" 
is a question every ophthalmologist has asked himself 
again and again. To the conscientious man tha diffi­
culty of deciding this essential point has be°n often 
most /
h e r d  a t  a n o t h e r .
7
most disquieting. In this connection, one of my con­
trol cases (No. 39) is instructive. This patient 
had a tendency to secondary glaucoma in an eye which 
had been operated on many years before for congenital 
cataract. One day there was a sudden flare-up, and 
when the pressure was taken it was found to be 70 mm. 
Hg.. Under treatment this condition subsided entire­
ly in the course of a few days, and th~ patient was . 
able to resume his work. Som° days later he again 
complained of some discomfort in the eye. The fin­
gers gave an uncertain judgment; but fears were al­
layed of its being a recurrence of the glaucomatous 
condition, hy the tonometer, which gave a reading of 
21 mm. in both eyes.
Another point in which its help is invalua­
ble is in deciding the difficult question whether 
or not to operate. There is perhaps no better 
known name in connection with glaucoma than that o: 
Bjerrum, and his recognition of the angular scoto­
mata radiating from the blind spot and of the gtep- 
like limitations of the nasal field ara everywhere 
recognised as of the highest importance. Yet it is 
on the judgment of the tonometer of Schiotz that he 
relies in simple glaucoma. If miotics reduce the 
tension/
39.
tension to normal and fc*ep it there, he do°s not 
operate. But if they fail to do so, however good 
the central vision and th-3 fields may be, he operates
C l 7 . ) .
Unrelisbllity of th° fingers.
As showing the unreliability of the fingers 
in estimating tension, a case of Stock's (1 1 .) is of 
interest. In this patient several experienced ob­
servers failed to detect raised tension, but the tono 
meter actually gav° a reading of 70 mm.
Marple ( >+ ) says that even with the ' tactus 
eruditus' tension is not recognised as elevated, 
unless it is over 35 mm. or as diminished, unless 
it is as low as 10 mm. It is just in those csr°s 
where the tension is between 35 and 25 that th° im­
portance of deciding whether plus tension is present 
or not is so greet. In these cases the tonometer 
gives us a r°ady and a reliable answer.
But I need not labour the point further.
The fact that in my reading I have come across very 
numerous references in praise of Schiots's tonometer, 
and have heard of no one who has one* learnt to use 
it discarding it or spearing adversely of it, is suf­
ficient testimony to its value.
Sensitiveness/
In the special point to which my research
'
has been directed, it is important not only to be 
able to record gross changes in tension, but also to 
follow the slightest variations in tension. Schibtz’c 
tonometer amply fulfils these conditions. The harder 
the eye-ball, of course, the greater must be the
increase of weight to indent it, so that, as Schiotz’s
chart shows*, in the higher pressures a difference of 
1 mm. scale reading may represent a difference of as 
much as 14 mm. Hg., e.g., taking the 15 g. weight, a 
reading of 2mm. represents 96 mm. Hg., while a reading; 
of 3 mm. means 82 mm. Hg.
But in the lower pressures each division on 
the scale means a much smaller difference in mm. Hg. 
Thus, using the 5*5 weight, a scale reading of 2 re­
presents 30 mm. Hg., and on® of 3, 25 mm., while with, 
the same weight a reading of 8 represents 12 mm. Hg., 
and on" of 9, io mm. Hg. - a difference of only 2 mm.
Hg. for 1 mm. of the scale.
Accordingly vra must not lay too much stress 
on differences of a few mm. Hg. when we are dealing 
with the higher pressures - if the eye can recognize 
differences of a quarter mm. on the scale it is as 
much as we can fairly ask of it. But in the low^r 
pressures slight differences of tension are readily 
detected, and no doubt need be felt (provided the 
various points referred to above are attended to) as 
to their accuracy.
¡fO .
S e n s i t i v e n e s s  o f  t h e  t o n o m e t e r .
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P A R T  I I .
THE BLOOD PRESSURE and its MEASUREMENT.
It is outwith ray purpose to enter here into 
an exhaustive study of the general subject of blood- 
pressure. But in order to estimate the value of the 
experiments of rayself and others undertaken with a 
view to determining what relations exist between the 
blood-pressure and the intra-ocular pressure, especi­
ally in relation to glaucoma, it is necessary to study 
the methods that have been used in these experiments 
and to determine their value.
Historical. Blood-pressure measurements may be said 
to have begun, with Poisseuille1 s invention of the 
mercurial manometer in 1828 and Ludwig's invention of 
the kymographion in 1847. The first attempt to mea­
sure blood-pressure clinically was Vierordt1s in 1855 
- a year before von Graefe’s first iridectomy for 
glaucoma.
POTAIN'S SPHYGMOMANOMETER.
The first instrument, however, of clinical
value and free from gross inaccuracy was von Basch's
sphygmomanometer invented in 1876. As improved by
Potain'in 1889 it lias had, and still has in Prance,
a wide vogue, and as we shall see was the instrument 
employed /______  _____
NOTE. The historical data in this section where no 
references are appended are taken from Janeway's 
Clinical study of Blood Pressure 1810. This book 
gives an excellent historical & critical summary of 
the evolution of the Sphygmomanometer.
employed in two of the early investigations of blood-- 
pressure in glaucoma; namely, those by Terson and 
Campos (pg ) in 189g, and by Joseph (19 ) in 1904. 
Potain's apparatus consists essentially of a pelotte 
blown up with air which is applied to a superficial 
artery (temporal or radial). The pelotte is pressed 
against the artery - the subjacent bone giving the 
counter resistance - until the distal pulse ceases. 
The pressure inside the pelotte at this point is 
measured by a spring (standardized previously a- 
gainst a mercury manometer) and is registored on a
t
dial. A full description of the instrument is given 
in Janeway (loc.cit.)
The apparatus is portable and convenient 
but unfortunately quite unreliable in comparative 
work. One reason will suffice:-
The tissues surrounding the arteries vary 
in different people and. in different arteries in the 
same person.
V.Basch admits that with his instrument the 
radial artery requires as a rule 20 mm. and may even 
require 60 mm.more pressure to obliterate it than the 
temporal. And in his booh on the subject Potain 
tells of a young girl in whose radial his instrument 
gave a reading of 165 mm., while the temporal was 
only 55 nmJ He also states that there may be a dif­
ference between the two radials of 20 ram.
TV! o <30 /
>4-2.
These observations made by the inventors 
of the instrument themselves are sufficient to con*- 
demn it utterly for our purpose, nor we Know by Ion 
established and undisputed physiological investiga­
tions that the pressures in all the larger arteries 
are practically identical. The instrument may have 
a certain value when the same artery of any one indi­
vidual is examined at different times; but for com­
parative observations on different people it has no 
scientific or practical value whatsoever.
GARTNER'S TONOMETER.
Another instrument used in similar inves­
tigations (Krim er 20 ) in 19.10, is that of Gartner, 
1899, which he calls a tonometer. In this instru­
ment the pressure of one of the digital arteries is 
measured. The finger is rendered bloodless by a 
strong rubber ring which is fitted on to the tip of 
the finger and rolled upwards until the two distal 
phalanges are bloodless. A small cuff similar to 
the Riva Rocci armlet (vide infra) is put round the 
finger above the ring and is blown up to a pressure 
sufficiently high to maintain the action of the ring 
which is then removed. The air in the cuff, which 
is connected with a manometer, is then gradually al­
lowed to escape until the pressure is low enough for 
the blood to return to the finger. This point is
reaoily observable as the finger suddenly flushes. 
Martin/
Martin has shown that to get accurate re­
sults with this instrument the ring must be placed, 
exactly on the middle phalanx. He attributes the 
results of many of the critics of the instrument who 
have found, variations in simultaneous readings from 
different fingers to this technical error.
Another point in which Gartner's instrument 
is inferior to that of Riva Rocci is that the digital 
arteries are notoriously subject to vaso-motor change 
as the result of c o l d ,  etc.
With these limitations the instrument is of 
undoubted value and Kramer's researches, if perhaps 
not carrying the same weight as those undertaken with 
the Riva Rocci apparatus, are certainly not to be 
lightly s e t  aside.
LAULANIE' S SPHY 0 M 0 MAN0 'IT  TF R.
Frenkel (21 ) in his researches in 1906 on. 
Blood. Pressure and Intra-ocular Pressure used Laula1— 
nie's apparatus. Frenkel describes this as a bivalve 
metal bracelet worked by a screw and having in its 
interior a oelotte of rubber filled, with water in­
tended to transmit the pressure of the vessels.
This reservoir is connected by a rubber tube filled 
with water to a mercurial manometer, which is arrang­
ed so as to record the reading0, on a travelling 
tambour/
44.
I hare not been able to obtain any other description 
of this instrument than this short statement by Fren­
kel, an^’ s0 am not in a position to criticise the 
value of his readings. If the pelotte ho used was of 
sufficient breadth (he makes no statement on this 
point and no reference to v.Recklinghausen1s work) 
(vide infra) there seems no inherent reason why the 
apparatus should not give good results.
I have not been able either to obtain the
paper published by Laquiez (a pupil of Frenkel's) in 
1907 on the same subject as Frenkel's in 1906. Pre­
sumably he used the same apparatus.
.RIVA R0 C 01'S SPHYGMOMANOMETER.
tambour. The bracelet is fixed round the fore-arm.
The last apparatus which it is necessary to 
mention is that of Riva Rocci invented in 1396. This 
instrument is so widely known that description is 
hardly necessary. The new principle in the instrument 
is that the artery is obliterated by means of a bag 
encircling the arm, just as the tourniquet is used in 
surgery. Tbe bag which is surrounded externally by 
a non-elastic backing is blown up with air until the 
pulse is obliterated. The bag is in direct communica­
tion with a mercurial _manometer which registers the 
exact/
v. RECKLINGHAUSEN'S MODIFICATION.
In 1901 v.Recklinghausen published an im­
portant study on the effects which varying width of 
the encircling bag produced on the results given by 
the Riva Rocci apparatus. Into his experiments we 
need not enter, suffice it to say that he proved 
that the original Riva Rocci with i s  cuff of at most 
5 cm. width was inaccurate, and that to give accurate 
results a cuff of .10 or IS era. width was essential.
This discovery invalidates the researches 
on blood-pressure in glaucoma made by Bajardi (22) in 
1900, as they were made with the narrow cuff of the 
original Riva Rocci apparatus.
Kummell in 1911 (2 3 ) in a similar re­
search used the modified Riva Rocci, and it is the 
instrument which I have employed in my work on the 
sam^ subject.
VALIDITY of the RIVA RQ00I READINGS.
Observers are agreed that the readings 
given by the Riva Rocci apparatus are not influenced 
by the condition of the tissues of the arm, provided 
it is not (.1 ) oedematous, (S) excessively adipose, or
(3) in a state of muscular rigidity. A sufficient 
proof of this fact is that readings taken over cloth­
ing/
¡+6.
exact pressure in the bag at any given moment.
clothing, when this is moderate in amount, do not differ 
appreciably from those taXen with the bare arm.
The question of the influence which the con­
dition of the artery wall may have on the readings is;, 
however, a disputed point and one which cannot as yet 
be considered settled.
One set of observers consider that it is 
quite a negligible factor. Janeway, (loe.cit.p.60 ) 
is the most pronounced of modern writers in this di- - 
rection. His conclusions are based on experiments 
made by v.Basch who estimated that a normal artery 
when empty required only 1 mm. pressure to obliterate 
it and a sclerotic artery only "about 5 rum.
Against this statement may be placed the 
worX of Herringham and WomacX on arteries removed from 
the body (24-). In 49 cases they found the pressures
required to obliterate the lumen varied from 4 to 34
\
mm. - only two, however, of their readings were above 
24 mm. Cfibson (2 5) in similar experiments found 15 
mm. as his highest figure. Leonard Hill (26) states 
that there Is no proof from physiological research 
that more than 30 mm. Hg. is ever necessary to obli­
terate an artery.
The fact,. however, that, it must be admitted 
if these experiments are valid, that at least 30 ram. 
of the reading given by the Riva Rocci apparatus may 
i n /
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in some cages be due to the resistance of the vessel 
wall, is a serious point for those who contend that 
its readings are those of the actual blood-pressure.
Russell (2 7 ) has done valuable service in 
proving that a large part of a thickened artery may b 
muscular (not fibrous tissue as was previously held); 
and theretorg, that such an artery retains the power 
of contractility. He maintains on clinical anrt expe­
rimental grounds that the vessel wall may have a much 
higher share in a Riva Rocci reading than even the 
30 mm. of Hg. which is the highest that Gibson and 
others would consider possible. The blood-pressure 
may rise' 20 mm. as the result of violent exercise and 
this he maintains (23.) is the limit of reserve power 
of the normal average heart. Riva Rocci readings, 
therefore, which rise more than 20 mm. above the nor­
mal limits must represent something else than a genu­
ine rise in blood pressure - that "something else" 
being the resistance of the vessel wall.
Williamson (29) found in Marathon runners a 
rise of 30 to 40 mm. after a practice run, and con­
cludes with Russell, though going slightly beyond his 
figures, that this probably represents the limits of 
the heart's reserve power and that higher readings 
of the sphygmomanometer above the normal must be due 
to the vessel wall.
Leonard Hill, however, (26) says that the
normal/
nornal pressure may be doubled by active exercise.
In students after running up and down stairs he has 
found pressures up to 200 mm.Hg.
In support of Russell there are such autho­
rities as Campbell (3 0 ) and Oliver (31 J. The .latter 
bases his agreement with Russell on the fact, 
that in artsrio-sclerosis the armlet may give diffe­
rent readings in the two arms or two forearms, or in 
the arm and forearm of one side, such differences 
being in opposition to our philological Knowledge.
In another work Oliver (3 2 .) adduces the 
readings of his haemodynanometer to prove this point. 
This instrument works on the principle of balancing 
the blood-pressure wave instead of' Obliterating it. 
With healthy arteries it gives readings Identical 
with those of the armlet. In arterio-sclerosis its 
readings are often much lower. In a table of high 
pressure cases which he gives ( 33) there is an average 
difference between the armlet readings and those of 
this instrument of 50 mm.Rg. He concludes that the 
armlet method in arterio-sclerosis may give a figure 
as much as 100 mm. above the real blood-pressure, 
the resistance due to the thickened hypertonic ves­




willh such a conflict of evidence and of 
belief and. with so eminent and capable men on both 
sid,es, it would be premature to attempt to draw con­
clusions and the question must be left as unsettled. 
That Janeway is right is unlikely. The artery wall 
almost certainly is not a negligible factor. But 
time and further experiment alone will declare wheth­
er it is a factor of quite minor importance as Gibson 
and others would have it; or whether Russell is right 
in maintaining that where the arteries are thickened 
they may play a very large part indeed in making up 
the Sphygmomanometer reading;; and that, therefore, 
the instrument though invaluable on other grounds is 
useless as a criterion of the actual blood-pressure.
We have seen reason to believe that in at­
tempting to estimate the relationship of the bio ' 
and. the lntra-ocular pressures, we have in sc lots's 
tonometer a dependable instrument for measuring the 
latter clinically.
With regard to the blood-pressure there can 
be no doubt that the Riva Rocci Sphygmomanometer is 
free from defects inherent in previous types of appa­
ratus and is - in one or other o.f its numerous modi­
fications - the best means we have of estimating the 
blood/
blood pressure clinically. But at the same time 
there are grave doubts as to whether the readings 
which it gives are not affected so much by the condi 
tion of the vessel wall as to be unreliable as esti­
mates of the real blood pressure.
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P A R T III.
THE RELATION OP BLOOD PRESSURE TO INTRA­
OCULAR PRESSURE.
Blood pressure a factor in intra-ocular pressure.
That the blood pressure is a factor in the 
maintenance of th» intra-ocular pressure has been 
proved experimentally in animals.
Henderson and Starling ( 34) inserted a 
canula into the loft carotid of a dog, and connected 
its right eye with a manometer ingeniously construc­
ted to prevent fluid entering or leaving tha eye 
through the manometer needle. They then tied the 
subclavian and vs3vtebral arteries on the left, side, 
and recorded the pressures in the right eye and in
the left carotid artery. The abdominal aorta was
now occluded. The result was a rise in the blood
pressure in the nech from 123, to 153, , and in the
eye pressure from 26 to 34. The right vertebral 
and subclavian were then tied, with the result that 
eye and blood pressure rose still higher, on 
loosening the ligatures round the latter.two vessels 
and again on loosening that round the aorta, there 
was/
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was a fall in blood pressure, and a simultaneous 
fall in eye pressure.
In another experiment they tied the ar­
teries in the necfc on both sides, with th° result 
that the eye pressure fell, though the blood pres­
sure rose.
It is to be noted, however, that though 
the blood pressure in the ophthalmic artery in this 
latter case was presumably zero, as there was no 
blood reaching it from the heart, the eye pressure 
did not fall to zero, but remained at 9 mm.
This confirms observation^ made after 
death, when it has been found that, though the blood 
pressure falls to zero when the heart stops beating, 
the eye pressure does not do so, for some con­
siderable time.
But not the.sole factor.
In other words, though the blood pressure 
is a factor in maintaining the intra-ocular pressure, 
it is not th° sole factor.
This conclusion has been com0 to by 
Wessely (35), who found that, on injecting adrenalin 
into the blood, a rise of blood pressure occurred, 
but not always a rise in the intra-osular pressure; 
the/
the reason "being that this latter may be influenced 
by local vaso-constriction and also by contraction 
of the muscles of the orbit.
Th '3 same experiment°r stimulated the 
cervical sympathetic in a rabbit, and found that 
this caused a decrease in the intra-ocular pres­
sure fas the result of local vaso-constriction), 
while the general blood pressure remained unaltered. 
My observations in the human subject.
Thes* experiments suggested to me thQ ad­
visability of testing with the tonometer and sphygmo 
manometer, whether similar results could he obtained 
in the human subject.
(1) Sudden rise in Blood Pr°ssure, no rise in Eye
Pressure.
The experiments were conducted as follows: 
The patient's blood and intra-ocular pressures 
were tafcen as usual in the horizontal position. He 
was then asfeed to tahe exercise (running up and 
downstairs). On his return, the pressures were 
immediately tahen again.
This experiment was performed on three 
patients - the following were the results obtained.
(1) Case LIV. P. aet. 32. Normal eye
V./
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V. = 6/6. Blood pr°ssure, 112, falling after rest 
on the table to 100. Eye pressure, 12, falling durin 
same time on tonometry to 3-/. On ret\;.rning after 
exercise, the blood pressure had risen to 130, but 
the eye pressure was 7-/. .
(2) case LXIII-. P. set. 22. Left eye 
normal, V. = 6/6. Blood pressure, 112, falling to 
110. Eye pressure 14/r, second reading 14. After 
exercise, blood pressure was 132, but on attempting 
to tabs eye pressure, it was found that the effect 
of the holocaine had worn off. Another drop was in­
stilled, and patient sent off for further exercise.
On return the blood pressure was again 132. •Th° eye 
pressure was 14-/ (i.e., its original height - the 
fact of its having reached this height being attri­
b u t a b l e  to the long time , five or six minutes, which 
had elapsed between the second and this .the third read 
ing).
(3) Case LXV. P. set. 14. Left eye.
Blood pressure, 114. E3'e pressure, 13. After exer­
cise, the blood pressure had risen to 140, but the 
eye pressure had fallen to 14-/.
.These experiments, as will be seen, were
a l l /
all made with, young subjects, in whom the vessel 
walls were normal. No one, so far as I know, de­
nies that th® rise in the Riva Rooci reading in such 
cases, after exercise, represents anything but a 
genuine rise in blood pressure. Yet in these cases 
the eye pressure, instead of rising with th=* rise of 
blood pressure, continued the fall which has been 
shown (in Part I . ) to be normal.
It is obvious from these experiments that, 
if there is a rise of intra-ocular pressure as the 
result of the heightening of blood pressure, it 
must be in the normal eye purely a momentary height­
ening. The vaso-motor mechanism of the eye must 
immediately readjust itself to the altered conditions, 
perhaps by a local vaso-constriction, and so res­
tore the ocular tension to its previous lev°l.
In this connection another observation 
should be recorded:- As a rule, I have found that 
the Riva Rood reading first taken in the course 
of an examination is higher than on° taken a short 
time after. On several occasions, however, a rise 
of pressure was noted during examinations, e.g., 
Control Cases Nos. in., IV., LXI., where the pres­
sures rode respectively from 152 to 132; from 250
to 270; and from 128 to 138. Yet in all these 
cases the ordinary fall of eye pressure under tono­
metry took place.
(2) Changes in Blood Pressure at intervals of days.
Granting then, that in the normal human 
eye the eye pressure is not altered (unless momentari 
ly) by a sudden increase in the blood pressure, the 
question arises, whether a general lowering or 
heightening of blood pressure continuing over a 
longer time would affect the eye tension. I have 
had occasional opportunities of examining my control 
cases at intervals of some days or weeks, and have 
sometimes found a considerable alteration in the 
level of the blood pressure on the second occasion.
( a . ) Sometimes corresponding change in w 3 .
As regards the eye pressure, however, my 
results are inconclusive. In some patients there is 
a correspondence of the pressures, e.g., case XX., 
where I found a pressure in both eyes of 15-̂ , with 
a blood pressure of 208. After three days in Hos­
pital, the blood pressure had fallen to 142, and 
the eyes to 12^ and 13̂ -.
In Case LII., after a month in Hospital, 
there was found a lowering of blood pressur® of 
only/
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only 5 mm., 130 to 125; but the right eye had gone 
down from 19-Jf to 12. This of course is quite out 
of proportion to the fall in blood pressure, and 
almost certainly was not due to it. rihe eye was 
highly myopic.
A more plausible case is No. XXXIX., in 
which the blood pressure was 140 on one occasion, 
and 122 a fortnight later; the l°ft eye readings 
on the two occasions being 21 and 19*2 respectively. 
(b.) Sometimes no corresponding change in eye.
On t.h!C> other hand, in Case XXXI., a rise
of blood pressure tooh place (112 to 113), but the
eye pressure fell ( 14-tj- to 1 2 ). In Case LXI. blood
pressure fell (142 to 128), while the pressure in
the left eye rose from 13jy to 16-f-. In Glaucoma Case
XV., the blood pressures on two occasions were 160
and 124, but the eye pressure in the non-glaucomatous
( l^ft ) eye was the same (14t>-) both times.
Average Eye pressure in patients with sam8 Blood
Pressure.
I have studied this question in another 
way. in my series of control cases I have excluded 
all eyes with pressures above 25 or below 1 2, and 
have arranged the patients according to their 
blood pressures, with the following result 
Blood/
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Blood Pressure. No.of Cases. No.of Eyas. Average
Eye Pressure.
200 mm. & over. 7 13 13-01
Between 180 & 199 2 4 16-25
tf 160 & 179 5 3 17-00
t l 140 & 159 15 23 17 -47
If 120 & 139 11 20 19-30
tf 100 & 113 10 16 16 -50
Under 100 n 2 14-50
In this table the patients with blood pr°s-
sures between ISO and 139 have a higher average of 
eye pressure than those with much higher blood pres­
sures .
Finally an observation of von Graefe's 
should be mentioned (36). In cases of cholera it is 
well Known that there is a tremendous lowering of 
blood pressure. The eye-pressure (of course tested 
in those days with the finger) did not alter in the 
cases of this disease which h° investigated. 
CONCLUSIONS.
The result of these investigations is to 
prove fairly conclusively that, whatever may be the 
result of experiments on animals, there is little, 
if anything, to show clinically that changes in the 
biooi pressure in the human subject carry with them 
any change in the intra-ocular pressure-in the normal
eye./
P A R T  I V.
THE ROLE OP BLOOD PRESSURE IN THE AETIOLOGY 
OP PRIMARY GLAUCOMA.
Experiments in animals, such as these we 
have referred to hy Henderson and Starling, Wessely, 
etc., have shown that in the dog and cat,under the 
somewhat unnatural conditions of the experiment, 
there was a close similarity between the eye and 
blood pressure curves. This naturally led ophthalmic 
surgeons to enquire whether in Glaucoma, in which 
the heightening of the eye pressure is the essential 
symptom, there could be shown any corresponding rise 
in the general blood pressure.
Clinical observations in favour of a connection of
I
high Blood Pressure with Glaucoma.
Some facts have seemed to point to this 
connection. It is well m o w n , for instance, that 
excitement, worry, nervous strain, etc. are often 
noted as preceding an attach of glaucoma. These are 
conditions in which it is natural to.suppose there 
would be a rise of blood pressure, 
in/
In support of this idea r a have some clini­
cal observations scattered throughout the inter­
minable literature of glaucoma. Dunn ( 37.) for in­
stance, stated in 1308 that in primary glaucoma he 
has invariably found the blood-pressure above normal. 
Jachson (38), in 1909, mahes a similar observation. 
Observations of this nature, however, are of little 
value unless patients not suffering from glaucoma 
are examined at the same time.
There are, moreover, numerous instances on 
record in which a lowering of blood pressure has been 
simultaneous with an amelioration of the glaucomatous 
symptoms. Pox. Webster and Batroff (39), for example, 
record a case of acute glaucoma, in which miotics 
had failed to reduce tension, or to narrow the pupil. 
The blood pressure was 265. A venesection of twenty 
ounces was done, the blood pressure fell to 
150, and miotics now narrowed the pupil and reduced 
the ocular tension, permitting an iridectomy to be 
done.
Roan(40) tells of a patient of 60 whose 
blood pressure was 210, and whose eye tension was +2. 
High frequency currents in eight sittings of 10 to 
15 minutes each twice weeiily, r^duc^d the blood 




Mackay of Edinburgh has long taught the 
value of general or local depletion,, (by venesection 
or leeching), and I have on several occasions in his 
wards heard patients bear witness to the increased 
comfort of a painful eye after leeches had been ap­
plied to the temple.
A recent paper by Gilbert of Munich (41) 
emphasises the value of venesection in glaucoma, 
and quotes cases in which the eye pressures taken 
by Schiotr's tonometer and the blood pressure Kept 
remarkably parallel. The maximum effect in reducing 
both pressures occurred,in simple glaucoma,from 6 to 
24 hours, but in inflammatory (sub-acute) glaucoma,
24 to 48 hours after the venesection.
The author, however, admits that the mere 
withdrawal of blood in the quantity he advised (vis., 
3 g. per kg. weight of the patient) is not sufficient 
to cause the diminution in blood pressure, and sug­
gests that perhaps the result may be due to a re­
duction in the viscosity of the blood.
Blood Pressure certainly not the only factor in the 
causation of glaucoma.
That there may be high blood pressure
without/
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without glaucoma is a fact that has only to bo stated 
to be obvious. Th*3 highest blood pressures obtain­
able are those found in chronic kidney disease, yet 
the combination of chronic nephritis with glaucoma, 
though occurring occasionally, is rare.
In order to test whether th® high blood 
pressure in these cases predisposed to glaucoma 
by eff ecting some raising of the intra-ocular pres­
sure, Kr'amer (loc.cit.) examined a series of medical 
patients suffering from various forms of kidney , 
heart and blood vessel disease. Many of these 
had blood, pressures of 150 and upwards, but in 
only one case, a patient with arterio-sclerosis, 
was there a higher eye pressure than the normal, 
and that patient had glaucoma!
Definite attempts to study Blood Pressure in Glaucom^
( 1 ) Tarson and Campos
The first to attempt a careful study of 
the subject were Terson and Campos (IB), in 1393.
As we have seen, tihe instrument they employed in 
their blood pressure investigation, that of pots in, 
is useless in comparative work, as its readings de­
pend so much on the tissues surrounding the radial 
artery, where it gives a low reading, thare is not 
so much objection to it; and we may therefore ac­
cept one of their findings which has been conclu sivefly 
sub s t ant ia ted/
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substantiated since, vis., that it is possible to 
have extreme hypertension in the eye and yet to have 
only normal blood pressure.
Their suggestion as to the aetiology of 
acute glaucoma is that it may be a sudden oedema of 
the eye, like the acute oedemas which occur in t.ha 
lun gs.
( 2 ) 3a jard.1.
The next to take up this research work was 
an Italian, Sa.jardi (22) in 1900, using the Rlva 
Rooci apparatus for his blood pressure measurements. 
Unfortunately, in his case also, the apparatus used 
is unsatisfactory, as ha used th3 narrow cuff (vide 
supra Part II.). Bacardi found high arterial pres­
sure in 50$ only of his glaucoma cases. He noticed 
that there was a tendency to gr̂ at. variations in 
blood pressure in his glaucoma patients, e.g., after 
exercise, as the result of emotion, at different 
times of day, etc. He considers this tendency of 
much greater importance than the actual height of 
the blood pressure.
( 3 ) Joseph.
Pour years later Joseph (42) investigated 
13 cases of glaucoma. He found the blood pr°ssura 
high/
high in 15 of them,' hut as he a loo used Potain’s ap­
paratus his results have little value.*1
(4 ) F re nii ei.
In 1906,Frenkel with the Laulani" instru­
ment, of which we have quoted his description, 
found high blood pressure in 13 out of 14 cas=>s of 
glaucoma. He was the first to see the necessity of 
confirming his results by examining a series of 
other patients as ’controls’.
Frenkel found a remarkable difference in 
blood pressure between his glaucoma cases and the 
cataract ces°s he used as controls.
( 5  ) L a q u i e s .
Laquies, a pupil of Frenkel's, confirmed 
his observations in the following year, 1907. In 
each of his 19 cases of glaucoma, he found a high
1
blood pressure. As I have stated, I have not bs°n 
able to obtain Laquies's original paper, and have no 
details as to the methods he employed.
(6 ) Kafttner.
The question was allowed to remain in this 
stage till 1910, when Kramer once more decided to 
investigate it. He had read with interest Frenkel's 
paper on the subject; but was not satisfied that the 
question/
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Two points especially seemed to him to mi­
litate against high blood pressure having a causal 
relation to glaucoma. Th° first of these was the 
knowledge that the prodromal attacks of glaucoma 
are, as a rule, one-sided - sometimes as long an 
interval as 30 years intervening before the second 
eye is attacked. This seemed to him incompatible 
with the theory that high blood pressure was an im­
portant causal factor in glaucoma, for we know that 
the pressure in the arteries supplying the two eyes 
must be identical, or nearly so. The other point 
which had struck him was, that in th° experiments on 
animals by Wessely and others, complete parallelism 
of blood and eye pressure curves was not always ob­
tained. Sometimes a rise of blood pressure was fol­
lowed by a sinking of eye pressure.
Finally, in reviewing the work of t arson 
and Campos, Bajardi and Frenkel, he found sufficient 
discrepancies in their numbers to make him think it 
rather improbable that a direct or even an indirect 
connection existed between Blood Pressure and the 
Eye Pressure in glaucoma.
A direct connection is at once disproved 
by the fact that in high blood pressure cas°s seen 
in/
q u e s t i o n  had. b e » n  f u l l y  t h r a s h e d  o u t .
in the medical wards, glaucoma is of rare occurrence.
The indirect connection, which a ion'* ho 
thought possible, might be (i) that with an existing 
predisposition to glaucoma, increase of blood pres­
sure might cause an attack, or (2), when once an 
attack had come on, hinder the return of th® eye to 
normal; or (3), that through the rise of Blood Pres­
sure the disposition to glaucoma might be increased.
The first of these points is supported by 
the frequency with which, after operation for glau­
coma, .an attack comes on in the other eye, but nega­
tived by the fact that this attack, as a rule, occurs 
two to four days after operation, when the excitement 
of the operation has passed away, and the patient's 
blood pressure has presumably fallen.
To this point of Kramer's, we may add that 
another reason can be given for the occurrence of 
the attack in the second eye. Gronholm (16), already 
referred to, has shown that the midri&sis induced 
by darkness ms?/ send up the pressure in a glaucoma­
tous eye; and he argues that it is the common custom 
of bandaging both eyes, after an operation for glau­
coma in on®, that is responsible for these attacks.
The second eye, predisposed to glaucoma, has its 
pressure/
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pressure raised by th° darkness caused by the bandage
The second point h° answers by the fact 
that miotics can act in reducing intra-ocular pres­
sure, even when the Blood Pressure is higher then 
normal. (The case recorded by Fox,Webster and Batroff 
vide supra, however, shows that miotics may sometimes 
fail to act).
The third point is the on° which ha sots 
himself to investigate. We have already referred 
to his tonometric experiments in medical patients 
with high blood pressures, and the negative results 
so obtained - the eye pressures being in each case 
normal.
Ke proceeded to examine a series of glau­
coma cases and a Series of controls, as had been don® 
bv Frenkel. His results, briefly put, ara as fol­
lows:- In 45 cases of primary glaucoma an abnormal 
height of blood pressure was found in 35*6$, while 
in 90 cases of cataract, 33*3$ had increased blood 
pressure - practically the same percentage as in glau 
coma. These cases, he concluded, confirm his opinion 
that no direct connection between arterial and intra­
ocular tension can be proved, end this opinion, 




that future research might he directed towards a 
study of the arterial puls« often noted in glaucoma­
tous eyes; and also in hlood pressure investigations, 
to the diastolic as w e n  as th* systolic pressure,
in the hope that this might throw light on the sub­
ject.
Kr&mer's paper is a lucid and valuable
k
contribution to the solution of the question. ^
Unfortunately the blood pressure apparatus 
which he used is one which is not free from objec­
tion - that namely of Gartner, modified by Tauber.
Kfimmell.
To the methods of the latest investigator
of this subject (Kummell ) ( 23 ), no such objection
can be- tahen, .as he used the modified Riva Rocci 
sphygmomanometer.
This observer objected to Kramer's control 
cases on the ground that their averagejage was too Ugh 
cataract being a disease of a relatively later period 
of life than glaucoma.
He himself, besides cataract cases, took 
patients suffering from various other forms of °ye- 
diseasQ - corneal ulceration, dacryocystitis, iritis, 
etc.
7 0 .
His results were in contrast to Kroner’s. 
The average Blood. Pressure in his controls was 145-2, 
in his glaucoma cases 162.
Kummell investigated, the diastolic, as W'3ll 
as the systolic pressure, and found that, though 
here also the glaucoma cases had a higher average 
than the non-glaucomatous, the difference was not so 
groat as in the systolic pressure.
My own Investigations.
My investigations have be~n made along 
similar lines to those of the last two observers.
The work was done chiefly in the out-patian 
department of the University Eye Wards in the Royal 
Infirmary, Edinburgh. An out-patient department is 
perhaps not an ideal place in which to tafce blood 
pressure measurements, but glaucoma is a compara­
tively rare disease in Edinburgh - certainly much 
less common than it is with us in South Arabia - and 
as by no means every glaucoma, case seen in the out­
patient department finds its way to th'-1 wards,the 
only way to obtain sufficient cases, in the five 
months at my disposal, was to study them as they 
appeared. Cases which were admitted to Hospital 
were of course studied in the wards also, but in 




Besides the cases seen at the Infirmary,
I had opportunities of examining some cases at two 
of the Eye Dispensaries in Edinburgh, and finally, 
through the Kindness of their consultants, had oppor­
tunities of examining several private patients, 
either in the consulting-room or in their own homes.
The psychical factor, of c o u r s e ,  is one 
of the fallacies in blood-pressure measurement, 
and one which it is almost impossible to avoid, but 
the conditions in these three sets of patients may 
be considered from this point of view identical.
The atmosphere of the private consulting-room is just 
as lihely to induce tachycardia in the patient, as 
is the out-patient department of the Hospital or 
Dispensary! A n d  the advent of a strange doctor with 
uncanny instruments to a private patient's home is 
bound to have a similar effect. Ther° are patients, 
of course, whom nothing upsets, but they may be pre­
sumed to be at least as numerous in the series of 
control oaseg as in the glaucoma series.
With regard to the control cases, their 
pressures were tafcen in the same way as the glau­
coma cases j_n the out-patient department. The patten 
was/
7 2 .
w a s  p l a c e d  o n  a t a b l e ,  a n d  a l l o w e d  a m i n u t e  o r  r o  
t o  r e s t  a f t e r  t h e  s l i g h t  e x e r c i s e  o f  c l i m b i n g  on to. 
t h e  t a b l e .  Tim> s y s t o l i c  B lo o d  P r e s s u r e  w a s  t h e n  
t a k e n  w i t h  H s w k s l e y ' s  l a t e s t  p a t t e r n  o f  M a r t i n ' s  
m o d i f i c a t i o n  o f  t h e  R i v a  R o e c l  a p p a r a t u s .
A t  f i r s t  I  a t t e m p t e d  t o  t a k e  t h e  d i a s t o l i c  
p r e s s u r e  a l s o .  T h i s  I  s o o n  g a v e  u p ,  f o r  t h e  f o l ­
l o w i n g  r e a s o n .  I n  my a p p a r a t u s  t h e  m a n o m e t e r  t u b  = 
i s  u - s h a p e d .  The r e s u l t  i s  t h a t  e v e r y  m i l l i m e t r e  
t h r o u g h  w h i c h  t h e  m e r c u r y  r i s e s  r e p r e s e n t s  a r i s e  o f  
p r e s s u r e '  o f  2  mrn. H g .  T h e  s c a l e  i s  a c c o r d i n g l y  
o n l y  h a l f  t h e  s i c e  o f  t h e  s c a l e  i n  o l d e r  p a t t e r n s  
o f  t h e  R i v a  R o o d , i n  w h i c h  t h e  m e r c u r y  w as  c o n t a i n d  
i n  a s t r a i g h t  t u b e .
On t h i s  a c c o u n t  t h e  p o i n t  o f  m axim um  o s ­
c i l l a t i o n  o f  t h e  m e r c u r y ,  w h i c h  i s  u s u a l l y  t a k e n  a s  
r e p r e s e n t i n g  t h e  d i a s t o l i c  p r e s s u r e ,  i s  m uch  m o re  
d i f f i c u l t  t o  d e t e r m i n e  t h a n  i n  t h e  s t r a i g h t  t u b e  
p a t t e r n ,  and  I  s o o n  r e a l i z e d  t h a t  a n :/ o b s e r v a t i o n s  
on  d i a s t o l i c  p r e s s u r e  I  m i g h t  m a k e  i n  t h i s  w a y  
v^ouid  b e  so u n c e r t a i n  as  t o  b e  v a l u e l e s s .  I  am t h e  
l e s s  c o n c e r n e d  a t  t h i s  o m i s s i o n ,  a s  K h m m e ll f l o e . c i t . )  
h a s  a l r e a d y ,  u s i n g  H i r s t ' s  m e th o d  o f  a u s c u l t a t i o n ,  
s t u d i e d  t h e  d i a s t o l i c  p r e s s u r e  i n  g l a u c o m a ,  w i t h  
n e g a t i v e /
As advised by most authorities on Blood 
Pressure, I took more thah one reading of the sphyg­
momanometer in each patient, and recorded the lowest 
reading found as the nearest approximation obtainabl 
to the true systolic pressure.
My methods in examining the eye pressure 
I have already described fully.
The patients in the control series were, 
of course, not selected in any way.
The following are my lists of glaucoma ca­
ses with their blood, and eye pressures; and of th® 
control cases with similar data.
Pull notes of the glaucoma cases are 
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I n  t h i s  s e r i e s  o f  c o n t r o l  o a s e s  t h e r e  a r e  
i n c l u d e d  a f e w  c a s e s  i n  w h i c h  i t  i s  n o t e d  t h a t  t h ^  
p a t i e n t  w as  i n  b e d  ( i n  t h e  Eye Ward o r  i n  a  M e d i c a l  
W a r d ) .  As r e s t  i n  b e d  h a s  o f t e n  s p r o n o u n c e d  e f f e c t  
i n  l o w e r i n g  t h e  b l o o d  p r e s s u r e ,  t h e s e  c a s a s  a r e  n o t  
s t r i c t l y  c o m p a r a b l e  w i t h  t h e  g la u c o m a  c a s e s  e x a m i n e d  
i n  t h e  o u t - p a t i e n t  d e p a r t m e n t .
I  h a v e ,  h o w e v e r ,  e x a m i n e d  many o f  t h e  
g la u c o m a  c a s e s  r e p e a t e d l y  a f t e r  t h e i r  a d m i s s i o n  t o  
H o s p i t a l .  I f  t h e  r e s u l t s  o f  t h e s e  e x a m i n a t i o n s  a r °  
i n c l u d e d  i n  a r r i v i n g  a t  a n  a v e r a g e  B lood  P r e s s u r e  
f i g u r e  f o r  e a c h  p a t i e n t ,  i t  w o u ld  h e  o n l y  f a i r  t o  
i n c l u d e  i n  t h e  c o n t r o l  s e r i e s  o t h e r  p a t i e n t s  t a k e n  
u n d e r  s i m i l a r  c o n d i t i o n s .
I n  t h e  t a b l e  w h i c h  f o l l o w s  I  h a v e  g i v e n  
i n  t h e  f i r s t  co lu m n  t h e  p r e s s u r e s  o f  g l a u c o m a  c a s e s  
t a k e n  i n  t h e  o u t - p a t i e n t  d e p a r t m e n t ,  o r  u n d e r  s i m i l a r  
p s y c h i c a l  c i r c u m s t a n c e s ,  a s  a l r e a d y  a x p l a i n ad ;  a n d  
i n  t h e  s e c o n d  co lu m n  my c o n t r o l  c a s e s  t a k e n  i n  t h e  
o u t - p a t i e n t  d e p a r t m e n t .  I n  t h e  o t h e r  c o lu m n s  I  h a v e  
i n c l u d e d ,  i n  a r r i v i n g  a t  t h e  a v e r a g e  b l o o d  p r e s s u r e  
f o r  e a c h  g la u c o m a  c a s e ,  a l l  t h e  p r e s s u r e  r e a d i n g s  
t a k e n  ( b e f o r e  a d m i s s i o n  and  i n  t h e  w a r d s ) ;  an d  i n  
t h e  c o n t r o l  s e r i e s  a l l  cas-^s e x a m i n e d .
T o /
36.
To o b v i a t e  K&mmell’ s  o b j e c t i o n  t o  d a t a  
i n  w h i c h  t h e  a g e s  o f  t h e  corfcrol e s s e s  a r °  n o t  s i m i l a r  
t o  t h e  g l a u c o m a  e s s e s ,  I  h a v e  a r r a n g e d  a l l  my e a s e s  
i n  d e c a d e s .  ( N o .  o f  c a s e s  e x a m i n e d  i n  b r a c k e t s . )
Age i n  A v e r a g e  B lood  P r e s s u r 0 A v e r a g e  B lood  P r ° s s u r °  
D e c a d e s ,  i n  Glaucoma G a s e s .  i n  C o n t r o l  C a s e s .
Out p a t i e n t  A l l  
r e a d i n g s  o n l y ,  r e a d i n g s
Out 
J p a t i e n t s .
A l l  
r e a d i n g s .
8 0-89 180 (1 ) - No C o n t r o l  
t h i s  age
;
. c a s e s  o f  
■ e x a m i n e d .
7 0-79 201-6 (3) 201-6 ( 3 ) 215 (2 ) 198 (4)
60-69 155*8(15 ) 155•!(15 ) 164 (8 ) 162 *3( 12 )
5 0-59 149 (7 ) 147-6 (7 ) 171•3(10 ) 16 3( 13 )
4 0-49 142 (5) - 130*G(13 ) -
30-39 145 (1 ) - 138 (7 ) -
The r e s u l t  o f  t h ° s e  e a s e s  i s  t o  s u p p o r t  
K f h m e r ' s  c o n c l u s i o n s  r a t h e r - t h a n  K t o m e l l ’ s .  I n  t h e  
two a g e  p e r i o d s  i n  w h i c h  I  h a d  m o s t  e a s ° s  ( b o t h  g l a u ­
coma and  c o n t r o l s ) ,  v i s . ,  6 0 - 6 9  and  5 0 - 6 9 ,  t h e  p r e s ­
s u r e s  i n  t h e  c o n t r o l  c a s e s  w e r °  h i g h e r  c o n s i d e r a b l j ' - 
t h a n  t h o s e  i n  t h e  g l a u c o m a  c a s e s ,  w h i l e  i n  t h e  n e x t  
most, common a g e  p e r i o d  ( 4 0 - 4 9 )  t h e  c o n t r o l  c a s e s  
w e r e  o n l y  s l i g h t l y  b e l o w  t h e  g la u c o m a  c a s e s  i n  
a v e r a g e  b l o o d  p r e s s u r e .  The f i g u r e s  i n  t h e  o t h ® r  
a g e  p e r i o d s  a r e  t o o  s m a l l  t o  d ra w  c o n c l u s i o n s  f r o m .
I n /
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I n  o r d e r  t o  c o m p a r e  t h e s e  r e s u l t s  w i t h  
t h o s e  o f  o t h e r  o b s e r v e r s ,  I  h a v e  gone  t h r o u g h  t h e  
l i s t s  o f  c a s e s  g i v e n  b y  KHimrnell and  Xr'femer, a n d  a r ­
r a n g e d  th e m  a l s o  a c c o r d i n g  t o  a g e  p e r i o d s .  I n  
K tu n m e l l ' s  c a s e s  I  h a v e  o m i t t e d  tho s e  w h i c h  h e  h im ­
s e l f  a d m i t s  m i g h t  m o r°  p r o p e r l y  b °  c l a s s e d  a s  s e c o n ­
d a r y  g la u c o m a  ; a n d  a l s o  h i s  c a s e s  o f  h a e m o r r h a g i c  
g l a u c o m a ,  a s  i t  i s  so  o f t e n  d i f f i c u l t  t o  t e l l  w h e t h e r  
s u c h  c a s e s  s h o u l d  b e  c l a s s e d  a s  p r i m a r y  o r  s e c o n d a r y .
I  h a v e  n o t  i n c l u d e d  F r e n k e l ' s  c a s e s .  A 
s t u d y  o f  h i s  f i g u r e s ,  w h i c h  i n  h i s  c o r t r o l  ca fes  d im ­
i n i s h  ( ’ ) w i t h  a d v a n c i n g  y e a r s ,  s u g g e s t s  t h a t  h i s  
b l o o d  p r e s s u r e  a p p a r a t u s  ( L a u l a n i e 1 s  ) ,  o f  w h i c h  I  
h a v e  no a d e q u a t e  d e s c r i p t i o n ,  i s  u n r e l i a b l e .
I t  s h o u l d  b e  n o t e d  t h a t  t h e  o n l y  two o b ­
s e r v e r s  who h a v e  so  f a r  u s e d  t h e  m o d i f i e d  R i v a  R d c c i , 
w h i c h ,  a s  we h a v e  s e e n ,  i s  th® m o s t  r e l i a b l e  f o r m  o f  
sp h y g m o m a n o m e te r ,  a r e  Ktimmell a n d  m y s e l f . My r e ­
s u l t s  a n d  h i s  a r e  i n  s t r i k i n g  c o n t r a s t  -  a s ,  i n  t h e  
t h r e e  a g e  p e r i o d s  i n  w h i c h  t h e  m a j o r i t y  o f  t h e  c a s e s  
o c c u r ,  h i s  g l a u c o m a  c a s e s  h a v e  a much h i g h e r  a v e r a g e  
b l o o d  p r e s s u r e  t h a n  t h e  c o n t r o l  c a s e s .  I n  t h e  d e c a d e  
7 0 - 7 3 ,  h o w e v e r ,  h i s  f i g u r e s  t e l l  i n  t h e  o p p o s i t e  
d i r e c t i o n  -  h i s  g la u c o m a  c a s e s  h a v i n g  a n  a v e r a g e  
b l o o d  p r e s s u r e  l o w e r  b y  10 mm. t h a n  t h a t  o f  b i s  
c o n t r o l s .
I n /
2 2 .
In t h i s  t a b l °  I hevs g iven  in  my o™n serie«?
o n l y  o u t - p a t i e n t  figure«?.
COMPARISON OP RESULTS OP THREE OBSERVERS 0N
BLOCE PRESSURES IN GLAUCOMA AND OTHER EYE DISEASES.
Age G1 a u  c o m a G1 au  c o : n
P e r i o d  A v e r a g e  B lo o d  P r e s s u r e O b s e r v e r P r ° s s u r ° P r e s s u r
G laucom a C o n t r o l  c a s e s H i g h e r  biALorer  b
'«a
—
0 1 CD 115 ( 3  ) 108 ( 2 3 ) K r ä m e r . 7 mm.
148 ( 3  ) 1 5 8 -5  ( 1 6 ) K u m m el l . 1 0 - 5  m
2 0 1 - 6  ( 3 ) 215 ( 2 ) MacR a e . 1 3 - 4  mm
(3 0 -6 9 116(  15 ) 11 2  ( 3 6 ) ' K r ä m e r . 4 mm.
168 ( 3  ) 150 *15( 26 ) Kiirnme l i . 17 *3mm.
1 5 5 - 3 ( 15 ) 164 ( 8  ) M acR ae . 8 • 2 ran
' b nr*? %( 1 -T-'»- -
5 0 - 5 9 119(  15 ) 110 ( 1 8 ) K r ä m e r . 9 iffln.
136  ( 4  ) 1 4 1 - 4  ( 2 4 ) Kiimrn0 1 1 . 4 4 • 6mm.
149 ( 7  ) 1 7 1 - 8  ( 1 0 ) M acR ae . . 22*8  nm
i> f i o 2 e 1 z.
4 0 - 4 9 103 ( 8 ) 111  ( 3 ) K r ä m e r . 8 mrn.
160  ( 6  ) 1 3 3 - 7  ( 1 8 ) Kumme1 1 . 26 - 3mm.
1 4 2  ( 5 ) 1 3 8 - 6  ( 1 3 ) M acR ae . 3 • 4mm.
t 'U  C  o tiu 1/ c
( N o .  o f  c a s e s  i n  b r a c k e t s . )
A s t u d y  o f  t h e s e  f i g u r e s  l e a d s  u s  t o  t h e
c o n c l u s i o n  t h a t t h e  q u e s t i o n i s  n o t  y e t  s e t t i ? ad . I n
e a c h  o f  t h e  a g e p e r i o d s  a t  l e a s t  o n ° o b s ° r v e r f i n d s
h i s  c o n t r o l  cas«»s y - i t h  a h i g h e r  a v e r a ge p r ° s s u r e
t h a n /
than his cases of primary glaucoma. Granting that 
the figures a r a reliable, these discrepancies can 
be explained on one of two assumptions.
(I ) That there is no tendency to higher 
Blood Pressure in glaucoma than in other eye pat­
ients of the same age; & (2 )that the difference in 
the,results of different observers is due to aver­
ages being tahen from too small a number of c a s e s .
I am aware that my own series is particu­
larly deficient in control cas^s, But I would submit 
that the same objection holds for the other observers. 
To really settle the question.absolutely, it would 
be advi sable to have, sav, twenty glaucoma cases 
and a hundred control cases in each decade - the 
pressures to be tafcen throughout by the same obser­
ver, in identical conditions and with th° same ins­
trument . Anything short of this cannot ba considered 
to furnish an adequate basis on which to draw con­
clusions as to average pressures.
It is useless to take the averages which 
have been given by physicians, as the normal figures 
at different ages. For purposes of comparison, the 
worfc must all be done by on0 man.
The worh should be also chechad by. tono- 




c a s e s .  The ncad of this might b° exemplified hy my 
own experience. in one of the oases j was examining 
as a control, th° finding of the tonometer was the 
first indication, confirmed afterwards hy testing 
the field of vision, that the case was one of 
glaucoma.
A chronic simple glaucoma, without marh°d 
excavation of the disc, in which perhaps 3om~ refrac­
tive error may he found to explain the patient's 
complaint of poor vision, may very readily he passed 
over in the hurry of a husy Clinique, unless an 
examination is made with the tonometer.
(2) The other possibility is this:- That' 
there may he a connection between high blood pres­
sure and glaucoma, hut that our means of estimating 
blood pressure ar° at fault.
It is a curious fact that, whil° tha various 
observers whose worfc I have summarised have freely 
criticised the results of their predecessors, none 
of them has made any criticism of the form of blood 
pressure apparatus these predecessors have used.
They have in ell cases accepted the data given by 
the instrument in question.
This, as w° have seen fin Part II.), is
a /
91.
a serious source of error; and the conclusion re 
have already com® to is that only observations made 
by the modified Riva Rocci apparatus are of real 
v a l u e .
On the other hand, as v/e hav® already se®n, 
ther® are many authorities who do not consider that 
even that apparatus really measures blood pressure. 
Russell's opinion of the Riva Rocci apparatus is, 
that its readings are the sum of two factors (i ) the 
blood pressure, and (2) the resistance to compression 
of the art®ry wall; that we have no means of separa­
ting these tyro factors, and that therefore it is im­
possible to estimate blood pressur® clinically.
This is especially the case, of course, in those 
v/hos® arteries are sclerosed or spastic. Nor glau­
coma is a disease whose onset is most frequent after 
the age of 40. By this time c h a n g e s  in the blood­
vessels which mshe them difficult to compress have 
set in in many people; and therefore, if Russell's 
contention is right, the attempt to measure blood 
pressure in glaucoma or in any oth®r disease is fore­
doomed to failure. Until this question has b®®n 
settled on® way or another by the physicians and 
physiologists; and, if Russell is right, until the 
difficulty/
d i f f i c u l t y  h a s  b e e n  ove rcom ® ,  p e r h a p s  b y  s w  f o r m  
o f  a p p a r a t u s  l i k e  t h e  H aem odynam om ete r  o f  O l i v e r ,  
w h i c h  b a l a n c e s  i n s t e a d  o f  o b l i t e r a t i n g  t h e  p u l s e  
w a v e ,  i t  do®s n o t  seem  d e s i r a b l e  t o  c o n t i n u e  i n v e s ­
t i g a t i o n s  b y  t h e s e  m e t h o d s .
My E x p e r i m e n t s  i n  r e d u c i n g  B lo o d  P r e s s u r e s  i n  G l a u Q o m .
I n  o r d e r  t o  t e s t  t h e  q u e s t i o n  i n  a n o t h e r  
w a y ,  I a t t e m p t e d  on  s e v e r a l  o c c a s i o n s  i n  g l a u c o m a t o u s  
p a t i e n t s  a n d  o t h e r s ,  t o  i n f l u e n c e  t h e  b l o o d  p r e s s u r e  
b y  m eans  o f  on® o r  o t h e r  v a s o - d i l a t o r , and  t o  s®® 
i f  a n y  e f f e c t  w as  p r o d u c e d  u p o n  th® e y e  p r e s s u r ® .
Edw in  M a t th e w  ( 4 3 )  h a s  shown t h a t  t h e  
N i t r i t e s  o f  Sodium and  P o t a s s i u m ,  i n  d o s e s  o f  two 
g r a i n s  h a v e  t h e i r  maximum e f f e c t  i n  15 m i n u t e s ;  
w h i l e  L i q u o r  T r i n i t r i n i  i n  two m in im  d o s e s  a c t s  m ore  
q u i c k l y ,  i t s  maximum e f f e c t  b e i n g  o b t a i n e d  i n  f i v e  
m i n u t e s .
T h e s e  two d r u g s  w e r e  t h e  a g e n t s  I  e m p l o y e d . 
B lo o d  a n d  e y e  p r e s s u r e s  w e r e  f i r s t  t a k e n ;  t h e  d o s e  
o f  n i t r i t e  w a s  t h e n  a d m i n i s t e r e d ,  a n d  t h e  p r e s s u r e s  
t a k e n  a t  i n t e r v a l s  t h e r e a f t e r .
I n  t h e  c o n t r o l  c a s e ,  No. XV. t h e r ®  w a s ,  
a s  my p r e v i o u s  e x p e r i e n c e  w o u ld  l e a d  ®n® t o  ®xi.>®ct, 
no s i m i l a r i t y  b e t w e e n  t h e  c u r v e s .  The u s u a l  d r o p  i n  
e y e  /
e y e  p r e s s u r e  u n d e r  t o n o m e t r y  was  e x p e r i e n c e d ,  b u t  
n o t h i n g  t o  c o r r e s p o n d  t o  t h e  d r o p  i n  t h e  b l o o d  p r e s -
f
s u r e  c s u s ° d  b y  t h e  n i t r i t e .
I n  C o n t r o l  c a s e  No. XXV. no  n i t r i t e  was  a d ­
m i n i s t e r e d ,  a n d  t h e  B lo o d  P r e s s u r e  r e m a i n e d  a t  t h e  
same p o i n t  t h r o u g h o u t ,  w h i l e  v a r i a t i o n s  o c c u r r e d  i n  
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I n  t h e  c a s e s  o f  g l a u c o m a  i n  w h i c h  I  t r i e d  
t h i s  e x p e r i m e n t ,  t h e r e  i s  l i t t l e  t o  s u p p o r t  t h e  i d ?  
t h a t  t h e  e y e  p r e s s u r e  f a l l s  w i t h  t h e  b l o o d  p r e s s u r e  
I n  C ase  X I .  ( c h a r t  I X . )  t h e  t e n s i o n  on  
3 1 s t  O c t o b e r  1911 i n  t h e  r i g h t  e y e ,  w h i c h  h a d  n o t  
b e e n  o p e r a t e d  o n ,  d i d  n o t  show a n y t h i n g  t o  c o r r e s -  
p o n d  t o  t h e  d r o p  i n  t h e  b l o o d  p r e s s u r e .
9 5 -
I n  t h e  same p a t i e n t  on  1 0 t h  November  1911 
( C h a r t  X . ) ,  t h e  e x p e r i m e n t  w a s  r e p e a t e d  w i t h  t h e  
l e f t  e y e ,  w h i c h  h a d  b e e n  t r e p h i n e d  t h r e e  w e e k s  
b e f o r e . .  . T h e r e  i s  somewhat  g r e a t e r  s i m i l a r i t y  i n  
t h e  c u r v e s  i n  t h i s  c a s e ,  b u t  t h e  o b j e c t i o n  may b e  
r a i s e d  t h a t  a n  e y e  w h i c h  h a s  b e e n  r e c e n t l y  t r e ­
p h i n e d  i s  n o t  a s u i t a b l e  e y e  f o r  an  e x p e r i m e n t  
o f  t h i s  h i n d .
The f a c t  t h a t  a f i l t e r i n g  c i c a t r i x  h a d  b e e n  
e s t a b l i s h e d  b y  t h e  o p e r a t i o n  i s  w e l l  s e e n  i n  t h i s  
c h a r t ,  and  i n  t h e  l e f t  e y e  o f  C ase  XXVI. ( C h a r t  X I . ) .  
I n  b o t h  t h e  d i m i n u t i o n  o f  t e n s i o n  u n d e r  t o n o m e t r i c  
e x a m i n a t i o n  i s  a b n o r m a l l y  g r e a t .
I f  t h e s e  c h a r t s  a r e  c o m p a r e d  w i t h  c h a r t s  
N os .  i .  t o  V I .  ( p p . 2 2 / 3 / 4 , ) ,  o f  c a s e s  i n  w h i c h  no  
v a s o - d i l a t o r  w as  a d m i n i s t e r e d ,  t h e r e  i s  p e r h a p s  
s e e n  a g r e a t e r  t e n d e n c y  t o  a c o n t i n u a n c e  o f  t h e  
i n i t i a l  f a l l  i n  e y e  p r e s s u r e  i n  t h a g l a u c o m a  c a s e s  
a f t e r  t h e  n i t r i t e s  h a d  l o w e r e d  t h e  b l o o d  p r e s s u r e ,  
b u t  i t  i s  n o t  s u f f i c i e n t l y  m a rk e d  t o  b °  o f  v a l u e ;  
a n d  we m u s t  c o n c l u d e  t h a t  t h e s e  e x p e r i m e n t s ,  
w h i l e  n o t  p e r h a p s  d i s p r o v i n g  a n y  i m m e d i a t e  e f f e c t  
on  t h e  e y e  p r e s s u r e  i n  g la u c o m a  f o l l o w i n g  a d i m i n u ­
t i o n /
d i m i n u t i o n  o f  "blood p r e s s u r e  , a r Q c e r t a i n l y  n o t  
c o n v i n c i n g l y  i n  f a v o u r  o f  s u c h  an  e f f e c t .
9 6 .
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To sum u p : -
( 1 )  I t  i s  c e r t a i n l y  t h e  c a s e  t h a t  h i g h  
b l o o d  p r e s s u r e  may e x i s t  w i t h o u t  g l a u c o m a .
( 2 )  I t  i s  e q u a l l y  c e r t a i n  t h a t  g la u c o m a  c a s ­
e s  may h a v e  r e m a r K a b l y  low b l o o d  p r e s s u r e s  l o r  t h e i i  
s g e ,  e . g . ,  c a s e s  IX». and. XIV.
( 3 )  I t  i s  a l s o  t r u o  t h a t ,  w h e r e  t h e  b l o o d  
p r e s s u r e  i s  h i g h  i n  g l a u c o m a ,  i t s  r e d u c t i o n  may a f t e r  
a t i m e  b e  f o l l o w e d  b y  a l o w e r i n g  o f  t h e  e y e  t e n s i o n ,  
b u t  t h i s  may b e  b e c a u s e  v e n e s e c t i o n ' ,  c a t h a r t i c s ,  * * tc . ,  
b e s i d e s  a c t i n g  on t h e  c a u s e s  o f  h i g h  b l o o d  p r e s s u r e ,  
a l s o  a c t  on t h e  c a u s e s  ( w h a t e v e r  t h ^ y  may b e )  o f  
g l a u c o m a .
( 4 )  H a v i n g  r e g a r d  t o  t h e s e  f a c t s ,  a n d  t o  
t h e  r e s u l t s  o f  my own i n v e s t i g a t i o n s ,  my c o n c l u s i o n  
i s  w i t h  K räm er  t h a t  i f  B lo o d  P r e s s u r e  h a s  a n y  i n ­
f l u e n c e  i n  g l a u c o m a ,  i t  i s  n o t  o n e  w h i c h ,  so f a r ,  
h a s  b e e n  p r o v e d  c l i n i c a l l y .
P e r h a p s  f u r t h e r  i m p r o v e m e n t s  i n  t h e  m e th o d ?  
o f  i n v e s t i g a t i n g  t h e  b l o o d  p r e s s u r e  may b r i n g  t h °  
n e e d e d  l i g h t .
VENOUS PRESSURE IN GLAUCOMA.
Thomson H e n d e r s o n ’s  r e c e n t  w o r k  ( 4 4 ) on  
G lau co m a ,  i n  w h i c h  h e  c o n t e n d s  t h a t  t h e  i n t r a - o c u l a r  
p r e s s u r e  i s  t h e  same b s  t h °  v e n o u s  p r e s s u r e ,  and  
r i s e s /
1 0 1 .
r i s e s  a n d  f a l l s  w i t h  i t ,  s u g g e s t e d  th® a d v i s a b i l i t y  
o f  t e s t i n g  v e n o u s  b l o o d  p r e s s u r e  i n  my c a s e s .  Ther '» 
a r e  two m e t h o d s  o f  d o i n g  so d e s c r i b e d  b y  O l i v e r  ( 4 5 )  
i n  h i s  b o n k .  One i s ,  t o  u s e  a f i n g e r - s u f f  ( i n  com­
b i n a t i o n  w i t h  t h e  R lv s  R o c c i  a p p a r a t u s )  t o  o b l i t e r a t e  
a  p r o m i n e n t  v e i n  on t h °  h a n d  o r  f o r e a r m .  The v e i n  
m u s t  b e  w i t h o u t  b r a n c h e s ,  a n d  m u s t  h a v e  a c o m p e t e n t  
v a l v e . The c u f f  i s  a p p l i e d  a t  t h e  d i s t a l  e x t r e m i t y  
o f  t h e  v e i n ,  and  i s  b lo w n  u p  t o  a  p r e s s u r e  o f  40  mm. 
Hg. The f i n g e r  i s  t h e n  r u n  a l o n g  t h e  v e i n ,  t o  d r i v e  
t h e  b l o n d  i n  i t  p a s t  th® n e x t  v a l v e .  The p r e s s u r e  
i n  t h e  c u f f  i s  t h e n  g r a d u a l l y  l o w e r e d ,  u n t i l  t h e  
v e i n  s u d d e n l y  f i l l s  f r o m  b e l o w ,  a n i  t h i s  p o i n t  i s  
t a k e n  a s  t h e  v e n o u s  p r e s s u r e .
I  h a v e  t r i e d  t h i s  m e t h o d ,  b u t  w i t h o u t  much 
s u c c e s s ,  i t  i s  o n l y  i n  a few c a s e s  t h a t  a s u i t a b l y  
p l a c e d  v e i n  i s  f o u n d ,  s u f f i c i e n t l y  f u l l  t o  mak°  o b ­
s e r v a t i o n s  e a s y ,  and  w i t h  a c o m p e t e n t  v a l v e .  I n  
some c a s e s ,  e v e n  when t h e  v a l v e  seem s  c o m p e t e n t ,  t h °  
v e i n  g r a d u a l l y  f i l l s ,  b e f o r e  t h e  p r e s s u r e  i n  t h e  
c u f f  h a s  b e e n  r e d u c e d  -  p o s s i b l y  t h r o u g h  s m a l l  t r i ­
b u t a r i e s  f r o m  t h e  d e e p e r  v ° i n s .
O l i v e r ' s  o t h e r  m e th o d  i s  t o  l i f t  t h e  p a ­
t i e n t ' s  a rm ,  u n t i l  t h e  v e i n s  on t h e  b a c k  o f  t h e  
h a n d /
h a n d  s u d d e n l y  c o l l a p s e .  The d i s t a n c e  i n  i n c h e s  a t  
w h i c h  t h e  h a n d  t h e n  i s  s h o v e  t h e  a p e x  o f  th® h e a r t  
i s  n o t e d .  T h i s  f i g u r e  m u l t i p l i e d  b y  two g i v e s  t h e  
v e n o u s  p r e s s u r e  i n  mm. Hg.
One d i f f i c u l t y  i n  u s i n g  t h i s  m e th o d  i s ,  
t o  g e t  t h e  p a t i e n t  t o  l e a v e  h i s  h a n d  f l a c c i d  -  an 
i m p o s s i b l e  f e a t  f o r  many p a t i e n t s .  M u s c u l a r  c o n t r a c ­
t i o n  d r i v e s  t h e  b l o o d  f r o m  t h e  d e e p e r  t o  t h e  s u p e r ­
f i c i a l  v e i n s ,  and  g i v - s  a f a l s e  r e s u l t .
B o t h  m e t h o d s  d e p e n d  on t h ° r e  b e i n g  p r o ­
m i n e n t  v e i n s  on  t h e  h a n d  and f o r e a r m .  T h e i r  p r e s ­
s u r e  d e p e n d s  t o  a l a r g e  e x t e n t  on  w h e t h e r  t h e  p a t i e n t  
i s  warm o r  n o t ;  and  d u r i n g  t h e  w i n t e r ,  i n  t h e  c l i m a t e  
o f  E d i n b u r g h ,  I  f o u n d  i t  s u r p r i s i n g l y  d i f f i c u l t  t o  
g e t  s u i t a b l e  v e i n s .
I n  t h e  few c a s e s  w h e r e  I  w as  a b l e  t o  g e t  
a r e a s o n a b l e  a p p r o x i m a t i o n  t o  t h e  v e n o u s  p r = s s u r ° ,  
b y  o n 3 o r  o t h e r  m e t h o d ,  I  d i d  n o t  f i n d  i t  i n c r e a s e d .
I n  t h i s  c o n n e c t i o n ,  a n  o b s e r v a t i o n  o f  
M a y n a r d ' s  ( 4 6 )  i s  i n t e r e s t i n g .  He s a w ,  d u r i n g  an 
o u t b r e a k  o f  e p i d e m i c  d r o p s y  i n  C a l c u t t a ,  a c o n s i d e r ­
a b l e  nu m b er  o f  c a s e s  w i t h  h i g h  i n t r a - o c u l a r  t e n s i o n .  
The b l o n d  p r e s s u r e ,  when t e s t e d ,  was  f o u n d  t o  b e  l o w ,  
b u t , p r e s u m a b l y  f r o m  t h e  n a t u r e  o f  t h e  d i s e a s e ,  t h e  
v e n o u s /
103.
T'nes^ f a c t s  r e c a l l  t h e  c a s e  o f  a n a s a r c a ,  
t o  w h i c h  I  h a v e  r e f e r r e d  ( C o n t r o l  C e s “ No., X X V I I I . ) ,  
i n  w h i c h  I  f o u n d  t h e  eye  p r e s s u r e  a b o v e  n o r m a l .
It w o u ld  b e  w o r t h  w h i l e  e x a m i n i n g  t h e  
e y e  p r e s s u r e s  i n  c a s e s  o f  a n a s a r c a  i n  t h «  m e d i c a l  
w a r d s ,  t o  s e e  i f  t h e r e  i s  a n y  t e n d e n c y  i n  th e m  t o  
h i g h  i n t r a - o c u l a r  p r e s s u r e ,  o r  w h e t h e r  i n  my c a s e  th-* 
h i g h  e y e  p r e s s u r e  was  m e r e l y  a c o i n c i d e n c e .  I  r e g r e t  
t h a t  I h a v e  n o t  h a d  time t o  do  t h i s  m y s e l f .
I  h a v e  much p l e a s u r e  i n  a c k n o w l e d g i n g  my 
i n d e b t e d n e s s  t o  D r .  Mackay, f r o m  w h o se  C l i n i q u e  and  
w a r d s  t h e  g r e a t  m a j o r i t y  o f  my c a s e s  w e r e  t a k e n ,  and  
who v e r y  k i n d l y  p l a c e d  h i s  e x c e l l e n t  l i b r a r y  o f  o p h ­
t h a l m i c  l i t e r a t u r e  a t  my d i s p o s a l ;  t o  D r s . P a t e r s o n  
a n d  T r a q u a i r ,  who a l s o  h e l p e d  me b y  a l l o w i n g  me t o  
e x a m i n e  p a t i e n t s  u n d e r  t h e i r  c a r e ;  a n d  t o  D r .  G i b s o n ,  
who a d v i s e d  my c h o i c e  o f  a b l o o d  p r e s s u r e  a p p a r a t u s ,  
h e l p e d  me i n  g e t t i n g  a t  t h e  l i t e r a t u r e  o f  t h a t  s u b ­
j e c t ,  a n d  g a v e  me f r e e  a c c e s s  t o  h i s  w a r d s  i n  th® 
I n f i r m a r y .
Summary/
venous p ressu re  was h igh .
SUMMARY 0? CONCLUSIONS.
I n  48  n o r m a l  e y a s  I  did. n o t  f i n d  t h a t  t h e  t e n ­
s i o n  i n c r e a s e d  w i t h  i n c r e a s i n g  y e a r s .
S e v e r a l  p o i n t s  a?a g i v e n  i n  c o n n e c t i o n  w i t h  t h e  
u s e  o f  t h e  t o n o m e t e r  w h i c h  do  n o t  i ° n d  th e m ­
s e l v e s  t o  s u m m a r i z a t i o n .
I  h a v e  p^&v'ed t h a t  t h e  p u l s a t i o n s  o f  th® t o n o ­
m e t e r  l e v e r  a r e  d u e  t o  t h e  p a t i e n t ' s  p u l s ® ,
n o t  t o  t h a t  o f  t h e  o b s e r v e r .
I n  n o r m a l  e y e s  t h e r e  i s  a t e n d e n c y  t o  a s t e a d y
d i m i n u t i o n  o f  t e n s i o n  u n d e r  r e p e a t e d  e x a m i n a  
t i o n  w i t h  t h e  t o n o m e t e r .  C h a r t s  i l l u s t r a t i n  
t h i s  a r e  g i v e n .
In  g la u c o m a  t h e  t e n s i o n  i n  s i m i l a r  c i r c u m s t a n c e  
s oin e t i m e s  r i s e s .
My e x p e r i e n c e  c o i n c i d e s  w i t h  t h a t  o f  S c h i o t z ,  
v i z . ,  t h a t  no . n o rm a l  e y e  h a s  a t e n s i o n  a b o v e
25 mm. Hg.
I  do n o t  agree w i t h  h im  t h a t  no n o r m a l  eye h a s
105.
& p r e s s u r e  b e l o w  1 5 *5 mm. Kg. Two p a t i e n t s  
w i t h  p e r f e c t l y  n o r m a l  e y e s  h a d  p r e s s u r e s  o f  
12 ;  on® o f  t h e s e  on a n o t h e r  o c c a s i o n  h a d  a 
p r e s s u r e  o f  9 mm. Hg.
8 . The t o n o m e t e r  i s  o f  g r e a t  v a l u e  (.3 ) j_n d i a g n o ­
s i s ;  ( b )  i n  w a t c h i n g  t h e  r e s u l t  o f  t r e a t m e n t ;
( c )  i n  d e c i d i n g  w h e t h e r  t o  o p e r a t e  o r  n o t ;
( d )  i n  w a t c h i n g  t h e  e f f e c t  o f  o p e r a t i o n s .
9 .  A f t e r  o p e r a t i o n  f o r  g l a u c o m a ,  e x t r e m e  a n d  l o n g -
c o n t i n u e d  h y p o t o n y  i s  p o s s i b l e  w i t h  no ap  
p a r e n t  i l l  e f f e c t s .
1 0 .  The t o n o m e t e r  i s  a d e l i c a t e  i n s t r u m e n t ,  an d  r e ­
c o r d s  s m a l l  v a r i a t i o n s  o f  t e n s i o n ,  e s p e c i a l l y  
i n  t h e  l o w e r  g r a d e s .
1 1 .  Of B lo o d  P r e s s u r e  i n s t r u m e n t s ,  th® m o d i f i e d
R i v a  R o c c i  i s  th® b e s t .
1 2 .  Bu t  many a u t h o r i t i e s  c o n s i d e r  t h a t  th® c o n d i t i o n
o f  th® vessel w a l l  g r e a t l y  a f f e c t s  i t s  
r e a d i n g s ,  and  t h a t  so  f a r  t h e r e  i s  no c l i n i ­
c a l  m e th o d  o f  a c t u a l l y  d e t e r m i n i n g  t h e  
B lo o d  P r e s s u r e .
1 5 .  The B lood  P r e s s u r ®  i s  a f a c t o r  i n  m a i n t a i n i n g  
I n t r a - o c u l a r /
1 0 6 .
Intra-ocular Pressure, but n o t  the sol® 
factor.
1 4 .  I n  t h r e e  y o u n g  p a t i e n t s  I  f o u n d  t h a t  ^ x e r c i s ®
s u f f i c i e n t  t o  r a i s e  t h e  B lo o d  P r e s s u r e  2 0 ,  
3 0 ,  o r  m o re  mm. d i d  n o t  a f f e c t  t h e  Eye 
P r e s s u r e .
1 5 .  I n  some o f  my c o n t r o l  c a s e s  a r i s e  o f  B lo o d
P r e s s u r e  o c c u r r e d  d u r i n g  e x a m i n a t i o n ,  b u t  no 
r i s e  o f  Eye P r e s s u r e .
1 6 .  I n  some c o n t r o l  c a s e s  who w e r e  e x a m i n e d  t w i c e ,
t h e r e  was  a c o n s i d e r a b l e  c h a n g e  i n  t h e  B lo o d  
P r e s s u r e  r e a d i n g  on  t h e  s e c o n d  o c c a s i o n .
I n  some o f  t h e s e  t h e r e  was  a  c o r r e s p o n d i n g  
c h a n g e  i n  t h e  Eye T e n s i o n ;  i n  o t h e r s  t h e r e  
was  n o t .
1 7 .  I n  51 c o n t r o l  c a s e s  a r r a n g e d  a c c o r d i n g  t o  t h e
h e i g h t  o f  t h e i r  B lood  P r ° s s u r ° ,  t h e  a v e r a g e
«•
Eye P r e s s u r e  d o e s  n o t  c o r r e s p o n d .
My c o n c l u s i o n  f r o m  t h e  d a t a  ( 1 3 - 1 7  ) 
i s  t h a t  i n  n o r m a l  e y e s  t h e  c o n d i t i o n  o f  t h a 
B lo o d  P r e s s u r e  do eg n o t  i n f l u e n c e  t h e  h e i g h t  
o f  t h e  I n t r a - o c u l a r  P r e s s u r e .
1 8 . /
1 0 7 .
I n  G la u c o m a . A l o w e r i n g  o f  B lood  P r e s s u r e ,  e . g . ,  
b y  v e n e s e c t i o n ,  h a s  o f t e n  b e e n  f o l l o w e d  b y  a 
l o w e r i n g  o f  Ey° P r e s s u r e .
Many o b s e r v e r s  h a v e  f o u n d  a h i g h e r  B lo o d  P r e s ­
s u r e  i n  g l a u c o m a  t h a n  i n  o t h e r  p a t i e n t s ,  
b u t  t h e  r e s u l t s  o f  some &r-= v a l u e l e s s  b e c a u s e  
o f  t h e  a p p a r a t u s  t h e y  u s e d .
My r e s u l t s  i n  31 g la u c o m a  c a s e s  and  i n  56 c o n ­
t r o l  c a s e s  o f  s i m i l a r  a g e  p e r i o d s  a r °  g i v e n ,  
a n d  show a l o w e r  l e v e l  o f  B lood  P r e s s u r e  a t  
t h e  a g e s  a t  w h i c h  g la u c o m a  i s  m o s t  f r e q u e n t  
i n  t h e  g la u co m a  c a s e s  t h a n  i n  t h e  c o n t r o l s .
T hese  f i g u r e s  a r e  c o m p a r e d  w i t h  t h o s e  o f  2 r e c e n t  
German o b s e r v e r s .  The c o n c l u s i o n  i s  t h a t  
t h i s  p o i n t  i s  n o t  y e t  s e t t l e d .  Th° d i s ­
c r e p a n c i e s  b e t w e e n  d i f f e r e n t  o b s e r v e r s  may 
b e  d u °  t o  ( l )  t o o  few  c a s e s  b e i n g  e x a m i n e d ;
( 2 )  t h e  b e l i e f  h e l d  b y  many b e i n g  a t r u e  o n ° ,  
t h a t  R iv a  R o c c i  r e a d i n g s  a r °  so  d e p e n d e n t  
on  t h e  v e s s e l  w a l l  a s  t o  b e  v a l u e l e s s  a s  i n ­
d i c a t i o n s  o f  Blood. P r e s s u r e .
My e x p e r i m e n t s  i n  r e d u c i n g  B lo o d  P r e s s u r e  w i t h  
n i t r i t e s /
1 0 3 .
n i t r i t e s  a r e  i n c o n c l u s i v e  w i t h  r e g a r d  t o  t h a 
r e s u l t  on t h e  Eve T e n s i o n .
3 3 & my c o n c l u s i o n  i s  t h a t ,  i f  h i g h  B lo o d  P r e s s u r e  
h a s  a n  a e t i o i o g i c e l  c o n n e c t i o n  w i t h  g l a u ­
com a,  i t  i s  n o t  o n 0 t h a t  h a s  y e t  b e e n  p r o v e d  
c l i n i c a l l y .
24. The q u e s t i o n  o f  t h e  v e n o u s  p r e s s u r e  i n  g la u c o m a  
i s  t o u c h e d  on  f i n a l l y .
APPENDICES./
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Disease; Absolute Glaucoma, both eyes.
7/2/12. History: About 7 years ago R.E. bad attacks of 
dulness of vision. A year later P. bad acute attack 
and lost her sight in a fortnight, being treated with 
atropine in both eyes! L.S. began to get blind 21- 
years ago. April 1910 she consulted Dr.Paterson, who 
did not recommend operation. Her field was fairly 
good. P. was able to read with glasses. In June 1911
P. had a haemorrhage in L. E. during the night and
lost her sight. A few days later she had an attack
of acute Glaucoma in that eye.
Present condition ofSves: R.E.No pupillary aperture 
visibletcornea steamy. L. pupil moderately di­
lated: does not react.
R.V. =9, L. 7. a ©.
Pressures: R.S, 39 
(2 p. m. ) L. S. 104
3. P. 180(Arteries thick & tortuous.
P. has been in bed since last night.)
CASES OP PRIMARY GLAUCOMA EXAMINED.
T.S. a$t. 71. Gardener.
Pi sea s e S u b-acute Glaucoma, both eyes.
History:» P. was admitted to R.I.E. on 19/12/10 with the 
following history:- L.E. has been failing for 18 months 
and is now quite blind. R.S.began to fail S months ago, 
with attacks of headache. Twelve months ago he was seen 
by a doctor in Carlisle and was ordered drops. At that 
time he was able to find his own way. Urine: no albumen.
L. V, = P.L. (?). R.y.ss H.M. at 2 metres. R. pupil is con­
tracted under pilocarpine. Media clear: ant.ch.shallow: 
field much diminished, especially on nasal side: T.+2.
L. pupil contracted and immobile: ant.ch.shallow. P.P.173. 
R.S. was trephined by Dr. Mackay on 21st Dec.1910. No 
iridectomy was dons.
10/2/12. P. came to R.I.S.to-day to show himself.
He thinks sight much the same as at the time of oper­
ation, perhaps slightly diminished. P. has sometimes 
a little pain in the eyes, especially the L.S. 
Condition of Syes: L* pupil contracted and immobile; 
ant.oh.shallow; cornea steamy; disc not seen.
R. pupil contracts slightly rhythmically, but not to 
light; disc markedly cupped and atrophic; veins not 
dilated. 3.7. = H.M. at 8 metres. Field much contract­
ed on nasal, but fairly good on temporal, side. 
Pressures R.S. 27-25 
(1 p.m.) L. 3. 102-96
B. P. 180 (P. slightly nervous: 
arteries thickened.)
R.B. aet. 71. Shoemaker.
Disease: Simple chronic Glauooma, both eyes.
History: P. came to R.I.E. on 5th Nov. 1910 with the follow­
ing history:- Twelve months ago he noticed haloes at night. 
Since then his R.S. has gradually failed. He has never any 
pain in the eyes but sometimes a feeling of heaviness.
R. pupil dilated and immobile; media clear; disc cupped; 
vessels tortuous; T. +2. R.V. = 9.
L. pupil contracted and a little sluggish; media clear;
T. slightly*. L. 7. with *2.25 D. spb. = 3-/9, 8. P. 182.
On 10th Nov.1910 the L.S. was trephined by Dr.Mackay with­
out iridectomy. P.left Hospital on 2nd Dec. 1910.
On Dec. 24tb at 0. P. D., B. P. 215: L. 7. with 2.25 D. sph.=6p .
10/ 2/ 12.
Condition of Syes:-
R. pupil dilated and immobile: some peripheral opac­
ities in lens: very marked cupping: 7. = 9.
L. pupil contracted, reacts to light. There are some 
s'dnfe spots of iris pigment on the front of the lens:
fundus not visible. 7. with +2.5 D.sph. » 8/9.
Pressures; R.S. 89 
(l.30p.m.-)£uS. 18-T3£
B.P 215 (Artery wall thickened).
I l l .
“C antre, ecuda cA ce rt ' j j o z n t e r ' ' a.7> Z e ro  ie / o re  
L E F T '
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Miss G. aet. 7®«
Disease: Acute Glaucoma (six months ago) in both eyes. 
2/2/12»History: Bad excellent vision till July *11, 
when L. S. got hazy and very painful at nights, but on­
ly then. These attacks sometimes absent for a week at 
a time.
About Aug. 23rd had an attack, but she was treated by 
her doctor, who did not recognise the. disease.P.whose 
sister (Casel) had lost her sight from Glaucoma, even­
tually insisted on seeing Dr. Paterson and was admitte 
to R.I..3. When admitted P. saw haloes with ft.3. also. 
Iridectomy was performed by Dr. Paterson on Friday the 
3th Aug. *11. On the Sunday night the R.3. which had 
neyer been painfnl previously, bad an acute attack. As 
it was uninfluenced by miotics Dr. Paterson performed 
iridectomy on Tuesday 12/11/11.
Present condition of Eyes:-Coloboma upwards In both, 
ft.8. P. is able to read with glasses (+3).
L. 7. = 0. F. at one foot. Field very constricted.
Pressures:R. 25-21 P. is still using weak es- 
L. 21-21 9rins(.2cp once daily in 
both eyes.
R. P. 210, but P. is nervous. There. Is 




Bistory: Ten years ago consulted Dr. 3ym about her eyes, 
and was given drops.
Mar. 33, 1910 came to R.I.3. with an acute attack in L.S.
7. « 3/o0: under leeching and miotics on Mar. 25th 7.= 6/9-; 
— attack subsided.
It was noticed that her B.P. was generally high and she
1 1 4 - .
Case
was given iodide and nitrite.
On Oct. 29th, 1910 P. was admitted to R»I.B.
L.V. with +3.5 D. spb.= 8/3. R-V- With +2.5 D. sph. =8/18. 
and on Nov.4th the R.E* was trephined by Dr. Mackay.
Dec. 13th, 1910 L.7« with +3.5 D. sph. = 3/6. R.witb 
with +2 D. sph.. = 8/18»
Apr. 5/1911 L.S. trephined, by Dr. Maokay: ant. oh. was long 
in re-forming andP. oomplained of irritability in the eye. 
L.V. 5/12-, unimproved by glasses.
B.P. 190. urine normal.
3/3/12.
Condition of Eyes: R. V. with +2. 5' D. spb. = 8/24-.
L.V.witb +2.5 D. sph. o 6/38.
Both fields much diminished above and slightly on 
nasal side.-
Pressures: R.E. 12-8|- 
(lv3o p. m.)L»3. 2J-2
B. P. 220.
Mr.F. aet. 69. Retired Anglo-Indian Civilian.
Disease:Chronic Glaucoma (R.)
Historyt(Kindly supplied by Dr. Mackay from his private 
notes):- P. had iritis at age of 21 in R-E. Vision never 
good since, has been worse of late, and lately some blur­
ring of vision in tbs L.3.
4/12/11.
Condition of Eves:- Signs of old iritis in both eyes 
(posterior synecbiae superiorly). Pupils react to 
light; ant.ch.shallow in R.E. and R.field of vision 
is contracted; there, is distinct cupping of R. disc. 
In L.S. ant.eb.slightly shallow;-field good, disc 
not cupped.
R.V. with -1.25 D. sph. +3.5 D.cyl 1.80°= 3/24 
with addition for presbyopia  ̂.J4 
L.V. with 085 D. sph. +3.5 D.cyl. 180°= 5/6- ■ 
with addition for presbyopia « Jl.
Cass 7
Cass 8
Pressures R,E. 31-29 
(11 a.m.. )L»3. 22-18 
B-P.130
Venous P. about 11 mm. fig.
(Dr. Mackay doss not consider this a case of secondary 
Glaucoma, as there are only slight changes visible in tbs 
e y e  referable to tbs iritis of 48 years ago.)
J.G. aet.83, Coachman.
Pissass:— Sub-acute Glaucoma 
18/11/11.
History: Thrss years ago first noticed his sight get­
ting dim, was able to rsad till 18 months ago, and 
able to drive until 18 months ago. He used to prefer 
a dull day for driving. After a bright day had a feel­
ing as of sand in tbs sys,-never much pain.
Condition of Byes:- R. pupil reacts to light, is mod- 
srately dilated; ant.ch. shallow,
L. pupil does not react, pupil is 
dilated irregularly but not very widely; old synechias 
(posterior) present; ant.ch. shallow. Eye is slight­
ly congested. R.Y.=C. P. at 4 feet: L. V.sr 6 ,
Pressures: R.3. 48-44 
(1. p.m.) L. E. 32-88 
S. P. 200
Urine ao., sp.gr. 1022,albumen 0,
4/1/12. P.had an acute attack in L.S, a few days ago. 
The pain has been relieved by leeching. The cornea is 
steamy, pupil oval and fixed and eye congested.
Pressures: R.E.35-31 (P. has been using mi-
(1.30 p.m ) L. E.104 otios. )
B. P. 200
115.
P.3. aet 87. Millworker.
Disease:-Chronic Glaucoma.
History:- P. came to R. I.E. on Aug. 3rd, 1910 with the follow­
ing history:- He has worn glasses for work for about 8
co7?'¿7He/t-Oi'77y/7 ~£o ic s e  i/ u î t./li/ÆorrfsCtdi'O 7 ie ^ / s ¿ 'ra / z o n y
R C H A R T . .  ,Än
I t*  d U V ^ L  i l L  ^  ¿O 0 (  V
iof/Tidem ct Vision,.-the, s m a ll re d  cñr,F  f f »  position, a f ilíe  M ùid . sp o t. *** ' *' '*'«
F u b lis h e d  b y ■ Wess  F C u r / y  &  Facetan,, J 9 S , G } F o rt la n d , S f,Fo n tio n . W.
years; 7 years ago L.S.began to fail; 5 years ago he saw Dr 
Berry, who said. L.E.was blind and advised operation for 
R.E. He has used drops in R.E. for 2 years. As sight is 
gradually going,has come to R.I.S.
Condition of Eyes on -3/3/10:- R.V. =»C.P.at 5| metres-:
L . V .  0 .
R. pupil is contraoted(miotic), responds slightly to 
light T. + .
L.'pupil moderately dilated; reacts to light; T. +2,
B. P. 195.
On Aug.4th R.S. was trephined by Dr Mackay with a large ir­
idectomy; Aug. 14th R.V.= 5/36 with +3 D. sph. = 8/9-. Field 
much contracted. (See- Chart.)
P. was discharged on Aug.15th to use pilocarpine b.d.
On Sep. 24th R.7. with +3.5 D. sph. - 8/9*.,
Dec. R*V. with +3. 5 D. spb. = o/l£.
10 / 2 / 12,
P. came up to show himself at R.I.E. He thinks his 
vision is nothing worse since the operation- 
Condition of Eyes.:-
L. E. pupil contracted; no direct, but consensual re­
flex to light; ant.cb. shallow; very marked cupping 
and dilated veins; 7. = 9.
R.S. large, coloboma from iridectomy. Iris reacts to 
light; cupping of disc; veins not so dilated as in 
theL.S.
R. V. with +3.5 D.sph. = 6/12. Field (See. Chart)
1 1 7 -
Pressures: R.S. 14p--12
(2 p. m. ) L. S. 30-23
B.P. 170
J. McL. aet 65,flouse-carpsnter.
DiseaseChronic Slaucoraa.
27/1/12.
flistory: P. didnot know there was anything wrong
with eyes till, three years ago,be noticed his sight 
was failing. Since 13 months ago he has not been 
able to read. He has noticed haloes for -.2 years, but
113 .
doss not know in which eye. L. «1. has been useless 
for more, than 2 years.
Condition of Syes:-Both pupils moderately dilated;
R. does not react.; 1. reacts very slightly and slug­
gishly to light.
R. y. = P..L. (?) sometimes sees a light but project­
ion almost nil. L. V. =B.M. at 1 metre.
Pressures:.. R.S. 38-75 
(1.-30 p. m) L. S. 60-56 
B-P. 132
Subsequent history:-?, was admitted to R.I. S. on 
27/1/13; kept in bed, treated by purgatives 4c. and 
the left temple, leeched..
29/1/12 L.3. trephined by Dr. Mackay.
30/1/12, ('2.30 p.m.) L-3. 53̂ -51.
B.P. 106.
10/2/13,(6.30 p.m.) R.S. 55-
L. S. 18.
B.P. 114.
Case 10 J.T. ast 55, Railway Carpenter.
Disease: Chronic 31aucoma .
11/ 1/ 12.
History: R.S. blind from an accident 45 years ago.
P. began to lose peripheral sight in left eye three, 
years ago, the first thing he noticed being that he 
could see the. lower windows of a house but not the 
upper. He. has never had any pain in the. eye, nor has 
he noticed haloes.
Condition of Syes:- Pupil moderately dilated; does no), 
react to light; ant.ch. shallow; media clear; disc 
markedly cupped and atrophic. L,V. - 5/9-, Sx.trame 
.contraction of field in all directions.(See Chart.)
Pressures: L.E. 36 
(2 p.m) B.P. 1.S5(P. very restless and ner­
vous. )
(lenire. eai'h cJictrt >vi Ih ‘pointer a t 7,rn> hrjhrr
P E R I  M E T E
The caenlric contìru/nus red line inclTccdes thè ave/vu/e nomini. Fiele
Subsequent history: P. was given pi.Looarp.ine to use 
but found it irritated his eye and he gave it up af­
ter a few days. He returned to O. P. 0. on 15/3/12.
L.V» = 8/12, not improved by any glass.
Pressures: L.J. 39-is 
(2p.m) B..P. 150
22/2/12 P. has used eserine \ i  b.d.since. 15/2/12.
Pressures: L.3. 31-28. 
ri.-15p. rn) B. P. 152.
120 .
11] Mrs. D. aet.65, House-wife.
Disease:Sub-acute. Glaucoma.
31/10/11.
History: -Five, or six years ago P. noticed haloes 
with L. 3. and failing vision. Two and a half years 
ago she was told by a doctor she had cataract. At 
that time she had still fair vision. This gradually 
got worse, but P. was not aware that the sight in 'L. 
3. was entirely lost until she came, to Cambridge St. 
Dispensary on 14/10/11. Her left eye was painful and 
it was trephined by Dr Paterson to relieve, the pain, 
on 17 10/11. She. has never had much pain in R.3.
Condition of 5ves:-R.uuoil semi-dilated; reacts slug­
gishly to light; ant.ch. shallow; disc cupped.
3.  7.  =
L. 3. recent coloboma from iridectomy at the trephine, 
operation; disc cupped L. 7. = 0.
Pressures: R,3. 43-38.
(4p.m.) L.3. 25 (only one. reading taken be­
cause of . recent operation),
B.P.205 (artery wall thickened and 
tortuous; no patches of atheroma.)
Subsequent history: R.3. trephined by Dr Paterson 
on 2/11/11.
Pressures: L.3. 2?M7- 
(4p.m.) •£.?. 194.
10/11/11.
1 2 1 .
13/13/11.
P. came to Dispensary to report
Pressures: R. 3. 14è-8|
(4p.m.') L.B. 30-17
3. P. 205
Venous pressure impossible, to calie as P. is 




Disease: Sub-acute. Glaucoma (both eyes.)
12 / 1/ 12.
H is to r y ;„L.S. has been gradually getting blind for 
16 years. Absolutely blind now for a year. Has notice 
diminution of sight in R.S. for over a year. Has 
occasional attacks of pain, which is worse, at night.
Condition of Byesi-R. pupil reacts sluggishly to 
light; contracted by pilocarpine; disc, cupped;
R. 'J . = 6/12. Field very contracted.
L.B, Glaucoma absolu.tum; cornea steamy; V.= 0.
Pressures:R.3. 31,30,33,34 (P.is using pilo- 
(4p.m) carpine. )
L. 3. 71
B. P. R. 125,L.133 (p. is phthisical, 
R. side. most, affected. )
d
Mrs H. aet. 54.
Disease: Sub-acute Glaucoma,
History: P. came to R.1.3. 10/5/10 with the. following his­
tory: -Illness began with an attack of pain in the. L.B. in 
Sept. ’09. Inis subsided under treatment. Soon after she 
noticed sight in the. R.3. diminishing and she was treated 
as an 0,P. in Glasgow with eserine drops till April 1910, 
the sight gradually failing,till now there is barely P. L. 
Six weeks ago. L.3. again got sore and was treated also 
with eserine.
1 2 2 .
There was dacryocystitis in this eye whioh was treated.
The. R. pupil was slightly dilated and immobile; cornea 
steamy; T.+ ; V. = 9; L. pupil small , almost immobile. 
Urine, alb. 0* sp.gr 1023.
On July 1st 1910 Dr Paterson performed iridectomy in L.8.
On July 2 R-7. = 9. L. 7. 3/18 with +1.25 cyl.!30° = 8/13
On Dec. 20, ’10 L. V. with -0.5 D. sph.+l. 25 cyl 130°- 8/9-. 
22/2/12 P. cams to R.1.3. to report. She sometimes 
has headaches, chiefly on left side. No pain now in 
R. 3.; no haloes seen with L. 3. S h e  thinks sight is 
dimmer than it used to be. She is still using pilo­
carpine ( \% ) once daily.
Condition of 3yes:- R. pupil since dilated, irregular, 
immobile; cornea steamy; ant. cb. very shallow; lens 
opaque. R.7. - 9;
L. coloboma from iridectomy, disc atrophic 
and cupped.
Pressures: R.3. 74 
(1p.m.) L.S. 13 h~ 13|
3. P. 134
l j . / .  witn -0. 5 D. spn. + 1.25cyl 
130* = 6/6-.
Case.14 J.R. aet. 33. Norwegian Sailor.
Disease: Simple, chronic Glaucoma.
History-.19/12/11. Six months ago noticed accidentally that 
the the R.3. was rather blind; he has had no pain 
in it, nor has he seen haloes.
Condition of Syss:-Ant.chambers not shallow; both 
pupils react to light (direct and consensual reflex); 
cornea clear .
R.V. with +2
L.7. 3/24 with +1.5 D. sph. » 3/8.
Pressures:R.S. 47-45 
(2p.m.) L. 3. 17
B.P. 112. Urine normal.
Note vQvn low pressure in a man of his age and
occupation*
7anous pressure impossible to estimate. as no 
veins stand out on hands.
Subsequent history:-
20/13/11* Pressures: R.-3 43-395.
(12 noon) L.8. 16- 14§.
B. P. 112.
11/1/12.P* has been using a miotic in L.S.b.d. for 
over a week*'
Pressures: R.B. 25(4 measures identical-
(1p.m.) last after 5 minutes interval. 
L.E. 16-1-12.
B.P. 132.
Admitted to R.I.E. to-day 
13/1/12. P. complained of some pain for an hour 
or so this morning after his drop of pilocarpine; 
FIs has noticed this once before.
Pressures: R.E. 37-̂ ,28,30 
(3p.m.) L. E. 19|-13 §
B. P. 128.
18/1/12 R.3. trephined by Dr MacKey.
37/1/12 P. has been out of bed for 4 days- last 
two days all day
Pressures:- S. S. 18 (no drops in eye 





(3p.m.) l.E. I B - 1 2 *
B.P. 110
23/2/12. P. returned from Convalescent Florae to 
show himself at R. I. 3.
Pressures: R. s. o|-5|
(3p.m) Li. 3. 21-191-
B.P. 122
1 2 3 ' .
Case 15 G. J. ast. 82.Rope-Spinner.
Disease: Sub-acute Glaucoma. (L. 8. )
13/1/12.
History:- R.S.has had poor vision as long as he re­
member s.-' L*2. seen by Argyll Robertson some years 
ago because, of headaches and redness of eyes.
Condition of Syes: R.V. = C. F1, at 2 feet.
li. y. with +1 D. sph. +0.25 D. 13=6/8 
There is scarring of cornea in R. 3. Iris reacts well 
in both eyes to direct and consensual test.
R.8. large, sclerotic patch continuous with disc, most 
marked on temporal side, with some patches of pig­
ment. There are also patches of choroiditis in peri­
phery. Disc not cupped.
L.S. lunule of pigment above the disc.. L.disc dis­
tinctly cupped.
Pressures:- R.8. 15|-14|




(11 a. m} L»E. 31-27i
B. ?. 124
Note these, pressures were, taken after taking P.’s 
fields (9.7.)
•3/2/12.
Pressures:- R.3. 14̂ -13̂
(2.30p.m.) L.3. 23-21
B. P. 130
P. has been using pilocarpine b. d. for 2 weeks. 
11/2/12. L. 3. trephined by Dr Maokay.
22/ 2/ 12.
Pressures:- R.3. 12-10





Disease: Chronic Simple. Glaucoma 
13/13/11.
History:- R.3. has been losing the sight for some 
time, but has got rapidly worse during the last 
month.
Condition of the Sves:- PuoiLs reaob; ant.chambers 
are of normal depth; media clear in both eyes.
R.E.: Field very diminished, 7. = C.F.only with 
difficulty at h metre eccentrically. Small eccent­
ric field to outside, disc markedly cupped ana 
atrophic.
L.E.: 7. with -1.5 D. cyl.75 6/9-t. Field normal 
(Notes of 7., fields, 1c. kindly furnished by Dr. 
Paterson. )
Pressures; R.i. 54.
(4p.m.) L. S. 31,30,38 (P. using pilocarpine
for two days).
3. P. 173 (P, somewhat nervous).
125 .
M. G. aet.31. Station-master.
Disease:-Sub-acute Glaucoma (R.)
"History:-P. was admi tted to R. 1.3. on Dec. 2nd 1910 with the 
following history:- One year before. P. had pains in the R.S, 
and an "attack of inflammation” which yielded to mild treat 
ment. Sight has been gradually falling since.
R. 7. 3/1.8- L. 7. =8/8. B.P. 130. R. pupil does not react to
light. Cupping of disc. T +1.
R.E. was trephined by Dr. Mackay on Dec. 7th. 1910.
P. was discharged on 18th Dec. On Dec. 34tb R.7. 3/34-.
L. 7. 3/8-. B.P. 138.
8/ 2/13
Condition of the. Byes:- L. pupil reacts; ant. ch. 
not shallow. In R.E. ooloboma upwards and "filter­
ing cicatrix” from trephine. Both discs are. pals.
' 7eins in L.3. are much more dilated than in R.E.
R. 7. = 3/13. L. 7. = 6/8-.
C.KJ 4
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There is pitting on pressure in both eyas all round
oorneae most ¡narked over trephine cicatrix.
J.3. aet. 30. Farmer.
Diseaser-oimple Chronic Glaucoma (L.E).
7/11/11.
Hi story:-R.S. Removed (for an injury) in childhood. 
L.S.:-Forlast two years has been losing the sight, 
diplopia and haloes; Mision usually best in the 
morning. His field of vision is contracting,- knocks 
up against people in the street. He has never had 
any pain in the. eye.' Dr. Mackay notes:- 
Condition of Byes.: Ant.ch. fair; field much restrict­
ed, but curiously good on nasal side interiorly; 
deep cupping of disc. L. 7. with -2. 5 sph. -0.5 cyl.
"tot*901” = 8/12- with correction presbyopia, reads Jl, 
slowly.
• Pressures:- P. 3. 85.
B.P. 138.
ArterLe^are slightly tortuous and thickened, 
but not atheromatous.
Subsequent history:- Bye was trephined by Dr. Mackay 
on Nov. 3th.
21 / 11/ 11.
Pressures; L. 3. 13.
(11a. mi B.P. 144.
Miss A. aet. 30.
Disease; Acute Glaucoma.
17/11/11.
History: L.S. enucleated for Glaucoma in July.
R.S.had excellent vision-?, able to do fine fancy 
work-üntil lately,ISthNov., when eye became sudden­
ly inflamed and painful.
123.
Condition of Byei-Cornea steamy; eye congested«
7. = C.F. at 10 feet.
Pressures:-R.S. 39-33-32 
(12 noon) B.P. 165-188. Urine alb. 0.
P. had been sitting propped up in bed before the 
pressures were, taken. 3hs. lay on her back without a 
pillow for 12 minutes while pressures were being 
taken.
In order to see if a return to the other position 
would affect the readings she sat up again for 1 
minutes, but pressures,-B.P. and intra-ocular 
taken immediately on lying down thereafter,were 
the same as the last readings taken previously.
Cubseouent histor.v: -
19/11/11. Posterior sclerotomy performed by Dr.
M'ickay.
21/1,1/11. Sye trephined by Dr. Mackay:-
3.50 a m. P. brought into the operating room.
Pressures: R.3. 100
B.P. 206 (left arm).
10. B.P. 202.
Dr. Mackay performed venesection from right arm,
withdrawing eleven ounces of blood.
B.P. fell to 192, but 
R. S. remained at 1,00.
10.24 Chloroform begun.
10.45 After operation over B.P. had fallen to 132. 
Nobs: Trephining was done interiorly because of the posi­
tion assumed by the eye under CttfU3. The disc removed was 
right over the Iris root. Iris did not bulge but was grasp 
ed and pulled out and a small iridectomy performed. The 
iris did not come out readily, being evidently very adher­
ent, and the coloboma did not quits reach the inner margin
24/11/11.1 P.m. B.P. 144
23/11/11.2 p.m. B.P. 136(taken in the middle of
lunch).
20/1/12. 11a.m. R.B. 21
B.P. 130-180 (Pulse 104).
23/2/12. P. is now reported to see well enough to take a 
hand at Bridge;and to enjoy the theatre and even to de­
scribe the dresses worn on the stags!
1 2 9 .
Cass2C J. G. aet. 58. Sawyer.
Disaaga:'Simple Chronic Glaucoma.
11/ 1/ 12.
Bistory:-P. dates his eye-trouble from a blow on L.S. 
four years ago, a month or two after which be. began 
to see rings. The. eye became totally blind 13 months 
ago. Be has never had any pain In either eye. R. 3. ir­
idectomy on Bov. 4th 1910. Trephined subsequently as 
iridectomy not Sufficient.
Canditj.oji,_alLJv3-S:-h. 3. Glaucoma absolutum. cornea 
steamy. R.i. Colo bom a from iridectomy. R. 7. *'6/36.
L* V.. = 9.
Pressures: R.3. 383-33?
(2p.m.) L.S. 39- 77
3. P. 172
Bote. This patient was only seen on this one occasion.
On looking up the dates he gave in the R. [; S. 3ye 
Bard Records, no reference to any such person could 
be found.
Case. 21 Mrs. B. aet. 56.
Disease: Chronic Glaucoma.
25/11/11.
Bistory: L. 8. was completely blind for 9 years, but
never painful. It suddenly became painful in Aug.-'ll, 
and was enucleated 15/3/11.P. remembers seeing haloes 
with this eye before the sight was lost. She now sees 
haloes with R.3.
Condition of 3ye:-Iris reacts sluggishly to the light; 
Pupil moderately dilated; ant. ch. rather shallow; 
slight cupping of disc. R. 7. =' 8/10.
Pressures: R. 8. 40,35
(1.45p.m.) B.P. 150 
• Subsequent history: 1/12/11 S. 3. trephined by Dr. Mackaj 
Pressures were taken on the. table. 11 a. m.
FT. 8. 26 
B.P. 123.
Bote. Miotics had been used for several days. Cocaine had
"CvT
bean instilled 3 times before pressure: taken. Holo 
caine w-as not used.




(3p. m. ) B. P. 120 
8/1/12 P. had some dimness in eye, due to iritis, 
and returned to R. 1.3. on 30/12/11 for treatment. 
Eye is now.much improved under atropine.
Pressures: 8.8. 13§
(2p.m. ) B. P. 132 
19/1/12 P.returned to show herself.
Pressures: R.8. 151-14
(l.30p.m) B. P. 118. R. 7. = 8/9.
y
1 3 0 .
Miss M. aet. 35. Nursing Superintendent.
Disease:-Sub-a out e Glaucoma.' (both eyes).
History: (kindly supplied by Dr. Mackay from his private 
notes) P. first came under observation in 1893, when 
glasses were, prescribed. S.+0.25 D. 3ph. -3. D cyllSS*.
L. -ID. sph.
Rer vision then was with glasses R. 7., 6/12. L. 7. ,8/6. Jl, 
in both eyes.
In 1907 she returned complaining of neuralgia when tired, 
pain in both eyes on reading and haloes. These symptoms 
as a.rule, disappeared after sleep. It was noted that both 
pupils reacted well; there.was some venous pulsation in 
the.8.8«, but no definite cupping. Vision in both eyes as 
in 1893. Pilocarpine, was ordered.
In July 1907 vision as before.; haloes still seenf especi­
ally af ter being in a. hot atmosphere e. g. in church or at 
meetings. The T. was +? 'At this time P.' had symptoms of 
heart trouble and was ordered nitrites and iodide by 
Dr. Gibson.
In 1903 Dr. Gibson reported that her B. P. which had been 
high was down to 150, - a figure, which be considered al­
most. normal for her age.
In May '03 P. had some oedema of the ankles &o. B. P. 130, 
still using pilocarpine.
1 3 1 .
In Mar. *09 she. was fairly frss from haloes,Dr. Mackay was 
afraid that the pilocarpine might be causing adhesions 
and stopped it for a. time.
In July ’09 P. reported that, during an atta.gk of influenza
she had had haloes and neuralgia.. B..P. 143.
Pilocarpine was again prescribd once dally.
In Peb. 1911 ?. complained of seeing haloes daily and of a
stiff feeling in the eyes. An interesting point was that 
a day spent in bed, especially if lying on her back,brought 
on the haloes, whereas sleeping at night, lying on her side 
did not cause, haloes.
Vision as in 1907.
March 13th 1911. On this date Dr. Mackay had his first op­
portunity of observing the eye at a time when the P. saw 
haloes. Previously they bad bean slight and elusive. On 
this date. P. had been writing a good deal and she felt the 
R.-3. dim and painful.
ilhen seen the. cornea was steamy; iris rather fixed and T.+. 
R.V. « 3/o0, guesses 3/33. Next day the R.V. had risen 
to 8/12-.
Dr. Mackay thought there, was slight cupping in the eye. He 
advised operation.
On 25th May the R. 3. was trephined. The 3. P. before, oper­
ation was 147 .(Riva-Rocci).
On 28th .May at 10 p.m. P. had an acute attack in the. L.S. 
T.+2 4c. Under vigorous treatment (wet cupping 4c.) the 
condition subsided.
On June, the 3rd R.V. with -4 D cyl 150° »8/18. L. V. with 
previous glass, 8/9-; both fields good far fingers.
B.Pi7iDr.Gibson reported that P. bad chronic, interstitial 
nephritis and artsrio-sclerosis.
On June. 29th 1911 Dr. Maokay trephined the L.S.
July 23th. R.V. with glasses 3/9- Jl.
L. V. 3/13-, with, glasses 3/9 Jl.
17/11/11.
Condition of Byes,: Goloboma. upwards in both eyes, 
from iridectomy and apparently filtering cicatrix 
from trephine.Discs not markedly cupped.
Pressures. R. 0 
(3.30p. mj L. 21
13. P. 200 in each arm.
Radials are thickened and tortuous. 
3/H/12.
Pressures;R.S. 4-2 
(o. 30p. a) L*3. 21—13
B. P. '132 Lunch at 1.30p. m.
1 3 2 .
Case 23 Miss C. aet. -54, Clerkess.
Disease:-Simple, chronic Glaucoma (both eyes).
History:- P. consulted Dr. Paterson 4 days ago for glasses 
She had had an attack of what her doctor called iritis,in
the L.3. some two months before,
14/12/11.
Condition of Syes;-Discs: Slight cupping and ves­
sels pushed to nasal side; most marked inR.3.
Fields in both eyes almost sharply Limited upwards 
by the equator. R.V.=o/8 nearly. L. 7.-3/5 + .
Pressures: R.3. 39-35 
(4p. m.) L. 3. 35
B. P. 132.
Subsequent history: Dr. Paterson trephined the R.S. on 
January the.7th.
1/2/12. Pressures:R. 3. 19J-T8-
(3.30p. m. )L. 3. 3l(3ye. is under pilocarpine.)
13. P. 132.
Case 24 D. B. aet. 53 .
Disease: Prodromal Glaucoma (L. 3. )
11 / 1/ 12.
History: P. came yesterday to see. Dr Tr.aqua.ir at 
Lauriston Dispensary suffering from an acute glau­
comatous attack in L. 3.
Eiotes by Dr Traquair: L. 7. = C. 3. at 6 metres T. +2 
cornea, hazy; eye congested; considerable pain.
R.7. with +3 D. sph. = 8/8-.
Three instillations of h% esarine. were, given and 
one application of powdered dionin. He was ordered 
eserine h%,pilocarpine 1% to be used t.i.d.
P. reports that the. pain ceased about 4 p.si.yester­
day shortly after returning from the. Dispensary and 
his vision improved..
Condition of dyes: -
R.V.. with 3 D sph. = 3/6-.
L.V* with 3 D. sph. =. 8/13.
Cornea is now clear; eye. still slightly congested; 
disc can now be seen; -there, is no cupping but veins 
are rather dilated.
133*
Pressures:— a. S. 21-13
(2p.m.) Li. 3. 23-13
8. P. 180.
G.-B* aet. 52, farm-servant.
Disease:- Simple chronic Glaucoma. (R. S.-)
13/12/11.
History:- P. dates his trouble from some dirt getting 
into his R.3. about 8 weeks ago. His wife died ¿ L id d  
two months ago and he had a great deal of night nursing 
and anxiety before that time. He. has had occasional 
attacks of dimness in the. eye,-gradually growing worse. 
Bye. often best in morning and getting worse at night, 
sometimes almost clear in the. middle of the. day. Ho 
haloes and no pain, -only slight discomfort.
Condition of Byes:-
Ant.ch. shallow in both eyes; pupils moderately 
dilated; cornea small.
fundus: veins greatly dilated in both eyes, espe­
cially in the R.B.i; no cupping.
Fields: considerably diminished in both eyes, but 
especially in the 3. which shows Bjerrurn’s sign. 
3.7. with -1 D. sph. -1.5 oyl. 110°= 8 / 6 - .
L.7. with -0.5 D. sph. = 3/6-.
Pressures: R.3. 35-51
(12.30p. m) L.B. 16S-14|
B. P. 122. urine: alb. 0.






Pressures: R.3. 51-47 
(1.30p.m.) L.8. 13-15 
• B. P. 130.
Venous Pressure 9rnm. Hg.- veins col­
lapse 4§ inchesabovs level of apex.
20/12/11.
P. has been.using pilocarpine. 1% b. d. in 
R.3. since, 14/12/11.
Pressures: 1 • 1. 39
(1p.m.) L.3. 15|
B. p . 11 b
22/12/11. R.3. trephined by Ur Paterson.
5/1/12.
Pressures R.,8. 11.-10
(noon) Li. 8. 17-1.4?
B. P. 113
P. sees much better with the R.S. since operation.
20/1/3.2,' P. has been at work for a fortnight, —  dur­
ing the last week doing full work.
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7  ofZndu vd, Vision jt/ie sma7Z red -ca d e tiieposition, ofi/i-e b h n d s p o t.
%
fiib ti.rA e d  b y d/es-y rf  C a r r y - £  .Pccrterry 79.7, G f C o r t la n d  S f.Zondon, W.
W. B. aafc* 51
Pi33a33:-S13 b-a01313 Glaucoma (both 9yes).
History:-P» came, to R*I*3* in Feb, 1911 and was ordered 
glasses R. +2.5 D. sph. +0,5 cyl. 145'. L. +5 D. sph.+0.5 
cyL for distance. He had had some, discomfort in the L.3. 
in Jan. after a period of hard work and worry.-tbs sensation 
being that of a foreign body in the eye. He had noticed 
haloes for some time before this.
In June 1911. Dr Mackay trephined his L. 8. It was noted 
before operation that the L. field was greatly diminished 
with a nasal step, the R. field being fairly normal.
July 24th R. V. with .glasses 6/12. reads J4.
L. 7. .. 3/8-, reads J6.
Pilocarpine was prescribed.
15/11/11.
P. now sees rings with R.8. and has bad some pain in 
it.
Condition of 8ves:-
R. pupil reacts sluggishly; ant.oh. shallow; cor­
nea somewhat steamy; disc slightly cupped.
L. coloboma upwards from iridectomy; iris does 
not react;slight cuoping of disc.
R. V. with glasses 3/3-. L . 7 . 5/3-; fields as 
noted above; -ho nasal step in R.3.
Pressures:- R.8. 33i-23|,
(2.30p.m. ) L.-8. 17 -3?.
B.P. 134.
Subsequent history:- R.3. trephined by Dr Mackay on Nov. 13th-
24/11/11.
Pressures;- R. 3. 13?
(10.'30a. m) L.K. 17 
B. P. 126.
Feb. ¿3rd 1912 P. came up to report ,  himself.
Pressures: R.F. 7-?-8|
(3p.m.) 5., S. 12-10
8. P. 126.
R. y. with glasses. 6/12, L. V. 6/9-.
1 3 5 .
Gasa 2!i
Case  ?J:
Mr. R. aafc.48, Lawyer.
Disease:-Chronic. Glaucoma,ending in acute Glaucoma. 
History:~L. Rye blind from Chronic Glaucoma for over a 
year. P. had no pain in it till six weeks ago he had a sud­
den acute attack. He came bo Sdinburgh as soon as he. was
able bo travel and the eye was trephined by Dr. Paterson 
on 1/12/11.
At the operation roo.t-3...of. iris proved very adherent and 
friable. Ho iridectomy proper was done.
1 2 / 1 2 / 1 1 .
Condition of diyesrR. S. iris reacts to light; there is 
no cupping, and,sofar as tested, no diminution of
field; disc a little redder than normal.
L.3. Trephine scar above, cornea.
Pressures:-R.3. 45-43.
(5p.m. ) L. 3. 38-45 
B. Jjfc, 140.
28/2/12.
R̂ S* has normal ant.ch. and pupil; normal fundus and 
undiminished field.'S. V. 'with +4 D.sph.= 0/8.
L. 3.: There, is some bulging downwards over the. cor­
nea of tissue at: site, of operation wound;small sub- 
hyaloid haemorrhage, above, the. disc; disc atrophied 
and deeply cupped.
Pressures: -R.3.36-39. (P. has been using 1% 
(5p.m.) pilocarpine, once daily.)
L.3.45. (After massage through 
the lid for 30 sec. pressure fell to 41. 
B. P. 138.
1 3 6 .
1
J*G. aet. 43, Man-man.
Disease: Simple, chronic Glaucoma.'
14/11/11.
History: Three months ago noticed sight for distance 
getting poor; and that his eyes got very sore, on 
reading for half an1 hour in gas-light; haloes also. 
Sight best through the day, worse, in morning and
CASE 29
at night; good in early morning, after beginning 
work gets worse, but as day gets brighter improves. 
Sight worse, when tired.
No history of attacks of. pain except as above.
Condition 0f Eyes: -
Pupils react sluggishly; ant.ch. slightly shallow 
R.'E. field greatly contracted on nasal side.
[i.E.field slightly contracted in all directions 
The.R. disc is cupped and there is some opacity 
of. lens;L.S.disc ?cupping.
Pressures: ft.S. 32-53(P, very sensitive.to 
( 3.30p. a) ii.E. 55-53 holocaine.)
B.P. 118.'
Subsequent history: - R.E. trepMned onl7/ll/ll.
Eight days after operation P. developed an attack of 
facial Erysipelas, starting from a chronic eczematous 
condition about the. nose, and he. was sent to fever Flos-' 
p-ital, ’ Eye. not implicated.
18/12/11 P. showed himself on discharge from fev­
er Hospital.
PressuresS. E. 30-23 
(12. 30p. a) L.E. 51-49 
B.P. 122.
Venous pressure about 12.am.Fig.
P. was re-admitted on 2/1/12. He has seen haloes with 
the L.3. since going home. The L.E.was trephined on 
9/1/12.
19/1/12.before, final discharge from Hospital 
Pressures:- R.E. 21 
(1p.m.), L.E. 13-17 
B.P. 112




History: P. has had attacks of dimness of vision 
and haloes when tired , for years.These.always dis-
appeared alter rest, e.g. in bed. About 2 years ago 
had an acute attack in I.’3. and lost the sight.
The L.8. was enucleated 13 months ago.
On Jan. 1st.' 1912, after a period of extra strain,
P.. had an acute attack in the remaining (R,) eye.,
and was kept in bed by her doctor unt.ii now.'
Condition of 3ye:~ Pupil widely dilated and immobile; 
cornea steamy; disc not visible; aye intensely con­
gested.' 7. =»'H.M. at 4 inches.
Pressures: R.3. 93
(2p.m.) B. P. 172. Pulse 92. P. very ner­
vous. Urine, normal.'
18/1/12.
On admission on 16/1/12 P. was cupped from right 
temple. She. has had pilocarpine. 1% t. i.d.
Pressures: R.3. 70
(Ip. m. ) B. P. 140
19/1/12 Trephined.
1/2/12. Since operation P. generally wakens with 
pain in eye. 3ye. waters. Pain goes away in an hour 
or. so. Pain sometimes wakens her at night. This 
morning no pain. 7. = P. L. to outside, but P. 
states that sometimes she can notice, people mov­
ing in the. Ward.
Pressures» R.3. 27-s-2o 
(1. 30p. m. }8. P. 130.
P. returned from Convalescent Home to report at.
R,I.3. Her vision has improved considerably and 
is now 2/80. She basa limited field to' the tem­
poral side.
Pressures: R.3. 30-23
(3p.m.) B. P. 153. (P. nervous.)
1 3 3 .
139.
Case -30 J.A. ast* 4-5. male»
Disease:-.Chronic Glaucoma (ft) in myopic eye,with ca ta­
rac t  in the other eye. CL.)
History: Sight of. L. (cataracious) B. began to ta l l  5 years 
ago; has got much worse. in last  5 months, 
ft.S. has bean fa i l in g  for. last  3 months and during last  
month P. has saan haloes. This eye gets vary painful on 
reading for anv length of. time.
19/13/11.
Condition of ftyes: - L . 8. cataract. Projection good; 
pupil reacts to l ight. V. = H.,M. at 2 feet, 
ft.S. pupil reacts to l ight  and accomodation; 7. 
with -14 D>spb. st 6/35-. cornea clear; f ield: ^na­
sa l  step; fundus:small sharply defined spots of 
choroidal change, especial ly  round macula; veins 
somewhat dilated; s l ight cupping.
.Pressurss:- L.3.
ft.  3 .
18-17 (On applying the ton' 
47-45 ometer it was evid-( 1 2  noon)
e u t  that the corneas were much larger than usual* 
B. P. 133. urine normal.
Further his toryv  
22/12/11 Admitted to ft.1.3.
29/12/11 Dr Paterson operated for cataract in the L.3. -
vitreous was f lu id  and extraction difficult.Some  
lens matter had to be. le f t  behind.
13/1/12. Pressures: L.3. 0
( 3p.m.) ft. 3. 351-31. ( P. has had a miotic
b .d . fo r  some time)
B. P. 120
17/2/12. P. has been at boms, for a week after returning 
from Convalescent Home.
Pressures: ft.3. 43-39j(:P. has had no miotic
(2p.ta. ) L.S. lmnk since leaving Hospi­
t a l . )
B. P. 113.
ft. 7. 2/30 with -14 D. sph. s l ightly  improved with a higher 
lens. A chart (9.7. ) taken with Bjerrum’ s screen showed 
a well-marked nasal diminution of the. f ie ld  with a nasal 
steu. A careful search was made for scotomata correspond-
l '+ O .
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History:-P,has had f a i l in g  sight in L.S. for 5 years but 
no pain. Sight not improved by s la  8 3 63 *•
Came to R.I .S .  12/8/11 and -.fas trephined by Dr Sinclair ,  
on 15/8/11 for Glaucoma in L.S.
12/10/11 L.7. with +1.5 D. spb.. = 8/24-.
On 19/10/11 P. had an acute attack with great pain in L.3. 
and headache. Next day no pain. But pain resumed 21/10/11 
and P. came to S.I .E.
27/10/11.
Condition of Byes: -
3.E. shallowed ant. ch.but otherwise normal.
L.E. congested, trephine mark above.
Pressui.-as.: R. 3. 33-28.
(10. SOa.m) L.E. 70-39.
(P. in bed) B. P. 144. urine normal.
Subsequent history: -
3/11/11. Trephine wound re-opened by Dr Mackay and some 
i r i s  removed. There-was some escape of vitreous and no 
further attempt was made to remove i r i s .
17/11/11. Pressures: -  R.3. 33 -28.
( l .  55p. m) L.S. 19p—13.
B. P. 158.
25/11/11. P.returned as 0 . F. to show herself.  The lens is  
now opaque in the L .S . ; ant.ch.very shallow.
Pressures: R.3-. 33-30.
( 2. 20p. m) L.E. 30-25.
B. P. 150.
14/12/11. Since 2,5/11/11 P. has been using pilocarpine 1% 
t . i . d .  and taking erythrol tetranitrate g r . i  b .d . .
Pressures.: -  R.3. 21-131
(12.30p. m) L.E. 23-22.
B. P. 130.
Cass 32
4/1/12. P*.has used pilocarpine in 8*8 . once only per die!  






J.F. aet.. 39, Orane-man.
Disease: Chronic Glaucoma.
17/1/12.
History: For.13 years P. has seen haloes occasionally 
with 5.8. sometimes also with 8. Never any pain. At­
tacks cores on when P. is  seedy. P. has hypermetropic 
astigmatism +3.5 D. spb. +1.5 D. cyl, I.
His vision at present is worst in morning; gets c lear ­
er as day goes on. He. has had the. present attack of 
haloes and of dimness for  5 days. Has been using pi lo ­
carpine. for 3 days.
Gondi tion of gyes: - Pupi1s react to l ight;  media clear;  
ant. ch. not markedly shallow; no def inite. cupping: 
doubtful in 5.3. 8. 7. with glasses 3/9
L. V. ..  8/3-.
Pressures: 8.3. :L3-: 14§
( 4 p . m . )  5 . 3 .  4 7 ¡ 5 - 4 3
8.P. 138
/ e n o u s  pulsation marked in both eyes and ar­
t e r ia l  pulsation present in affected ( L . ) 3., 
which has the better vision;  
f ie lds :  no marked diminution.
19/1/12 P. has discontinued pilocarpine since last
seen, but has worn his glasses constantly. He. 
has never worn glasses previously except for 
reading.
Pressures: Ft.E. 12?







EYE PRESSURE IN NORMAL FVg*;.
(Cases  from my 'C on tro l '  S e r i e s . )
C ase  N o . R. L.
( 5  17
A g e s .  )
( 8 1 9A- 194-
6 0 - 6 9  )
( 12 1 14-Jr 14-/
)





























































3 0 / 3 9 /
Case N o. R. L.
( 43 __ 25
)
( 49 2 1 23
)
A ges . ( 50 19^ -
)
30-39 ( 51 23 25
)
( 53 15 -̂ -
)
( 54 1 2 —
, ' )/
( 55 18 13
( 57 17 17
) COLO 13 13
)
20-29 ( 59 20 20
)
f 60 1 2 1 2
) I
f S3 - 15-y
Under 20 ( 64
EYE PRESSURES AND AGE IN NORMAL EYES.
Ages 60-69 fi eyes 103 a v . 17*16
II 5 0-59 3 ey^s 153 a v . 19*12
if 40-49 14 eyes 243 a v . 17*35
If 30-39 1 0  ^yes 200 a v . 20 * 00
If 20-29 9 °yes 14 9^ a v . ' 16*61
14-5 •
APPENDIX H I .
Press ings  in Myopia ( e x c lu d in g  lovr Myopia Astigmatism )
C.ase No. Age .Degree o f Complication . R. L. No tes .
Myopia.
IX. 65 -4 C a ta ra c t . 1 0 1 0
X. 62 > - 2 0 Cataract & 
Choro id i t i s . 9 3? R .E . had 
beer, op.o
XX. 50 -2  • 5 Cataract 15tj- 







Choro id i t i s .14^ 15 y
XXXVIII. 47 - l r  5 ■ - 1 4 i 15?
X III I I . 46 R.-4  • 
L . -7
Choro id i t i s . 6± 1 0
XL I V . 46 - 2 - 14 i 4
XLV. 45 >  25 - 15 15
L I I . ■35 R.-12  
L .-19
Detachment 






tab on or; 2 
occasions
L V I . .31 15 - 18 18




( 18 16 }
R.E. has  
b e an 
o p . o n .
n .
in  R.
1 4 - 6 .
APPENDIX ' XV.
Notes on Oapes among my 'C o n t r o l s ’ , in whom I found 
an in t r a o c u la r  pressure  above Sch io tz ’ s l im i t  o f
25 M1U Hg.
( 1 )  Case i l l .  p. o f  75, w ith  s e n i le  
ca ta rac t  in L. eye. The pressure  in th is  eye when 
f i r s t  taken was 30, but diminished very r a p id ly  under  
success ive  app l ic a t ion s  o f  the tonometer to 21. Th* 
pressure  in the R.E. was 23, f a l l i n g  to 19t>.
( 2 )  Case XI. P. o f  62 w ith  secondary  
glaucoma in R.E. Pressure :  R . r 27j; L . ,  21.
( 3 )  Case XXIII .  P. o f  56 with  recent d i s ­
lo ca t ion  o f  the lens  in a h igh ly  degenerate eye.
( 4 )  Case XXVI. P. o f  54 w ith  i r i d o ­
c y c l i t i s  in R. eya . The eye pressure  was  65 mm. 
Atropine was given and the pat ient  urged to return  
to R . I .E .  f o r  admission. She was not seen aga in .
( 5 )  Case XXVIII.  P. o f  54 w ith  hypermetrr 
p ic  astigmatism o f  4D, and poor v i s io n .  This patient  
was d ro p s ic a l  -  s u f f e r in g  from h*art  d isease  and 
albuminuria .  The pressures  in each ey* were 34, 
f a l l i n g  r a p id ly  to 26. P. was in an exhausted con­
d i t i o n ,  and i t  was impossible  to make fu r th e r  
observat ions/
observat ions  with  regard  to f i e l d s ,  e tc .
( 6 ) case XXXI. p. o f  52 w ith  i r i d o - c y c -  
l i t i s  in L. eye. Pressures  43-39. R .E . ,  14- -̂. Under
treatment w ith  a t r o p in e , leech ing ,  e t c . ,  the pressure  
in L.E.  f e l l  to 13.
( 7 )  CASE XXXII. P. o f  51 who had had an
in ju ry  to R .E . ,  and subsequent i r i t i s .  Pressure :
R. ,  30; L . ,  2 2 .
( 3 )  Case XXXVI. P. o f  48 with secondary 
glaucoma in R .E . ,  f o l l o w in g  in ju ry  e leven years  
b e fo r e ,  and subsequent i r i t i s .
( 9 )  Case XXXIX. P. o f  47 with secondary
glaucoma in L.E. This eye had been operated on more
than ten years  be fo re  f o r  un s igh t ly  congen ita l  
ca ta ra c t .  The p ressures  were R.,  21, L . ,  70-62.
Under treatment the pressure  f e l l  in L.E. to 21 a f t e r  
some d a y s .
(1 0 )  Case X L V I I I • P. o f  33 w ith  detach­
ment o f  r e t in a  one year  p rev iou s ly  in R.E. The 
corneae in  th is  case were very small .  P. had been 
operated on f o r  c l e f t  p a la te  in childhood. Pres ­
sures R . ,  39-40, L . ,  25-16. As the R.E. had had a 
drop o f  cocaine be fo re  examination, one drop o f  
ese r ine  was i n s t i l l e d ,  and the P. asked to return  
next day .  His p ressures  then were R . , 35-3 3, L . , 19,
( 1 1 )  Case L I I I . P. o f  34 with  secondary  




Notes on eyes which had not been operated on, in both  
my s e r i e s  o f  cases (Glaucoma and Contro ls ) ,  in which 
I found tensions below Sch io tz 's  l im it  o f  15-5 mm.Hg.
( 1 )  Case X. P. o f  62  w ith  high myopia 
(> 20 D) and ca ta ra c t .  The L .E .  was 8*5. (R .E .  has
been operated on; i t s  p ressure  was 9 . )
( 2 )  Glaucoma Case XV. P. o f  62 with  g la u ­
coma in L.E. The r . e . , in which th^re were widAspead
choro ida l  charges, had a pressure  o f  14-5 on two occa­
s ions ; once 15 *5.
( 3 )  Case X I I .  P. o f  60 w ith  "watery eyes"  
and s l i g h t  hypermetropia (+1D ) .  Both eyes were 14*5.
( 4 )  Case XVI. P. o f  60 ly in g  in the 
medical wards with  a g a s t r i c  tumour ( ? ) .  Both eyes 
were 14 • 5 .
( 5 )  Case XVII. P. o f  59 w ith  double  
ca ta ra c t .  Both eyes were 12*75.
( 6 ) Case X V I I I .  P. o f  53 w ith  detachment 
o f  r e t in a  in  R .E . ,  two months p rev iou s ly .  Pressure
was 12 ( o th e r ,e y e ,  17-13*5 ) .
( 7 )  Case XX. P. o f  53 with  double ca ta ­
r a c t . ,  The p ressures  were r . , 12^-; L . ,  13y. ( P r ° s -  
sures tak°n s eve ra l  minut°s a f t e r  i n s t i l l i n g  h o lo— 
c a in e . )/
h o lo c a in e . )  On other occasions both had been 15^-13
( 3 )  Case XXXI. P. o f  52 w ith  i r i d o ­
c y c l i t i s  and increased tension in L.E. P ressures  in  
R.E. on two occasions were 14t>- and 12.
( 9 )  Case XXXV. P. o f  49 with  myopia and 
c h o ro id i t i s  ( p e r i p h e r a l ) .  R .E . ,  14-g-; L .E . ,  15^-.
( 1 0 )  Case X L I I I .  P. o f  46 with mvopia 
( R . , - 4 ;  L . ,  -7 D ), and cen t ra l  c h o r o id i t i s .  R .E . ,  
b p ,  L . E  . , 10-7 p .
( 1 1 )  Case XLIV. P. o f  46 w ith  myopia o f
2D. R . , 14‘p.» L . , 15'p •
( 1 2 )  Case XLV. P. o f  45 with  extreme my­
opia (r-25D). R .E . ,  15; L .E . ,  15.
(1 3 )  Glaucoma Case XXXII. P. o f  39 w ith  
prodromal glaucoma in L .E .  R.E. on one, occasion  
gave a pressure  o f  12-j; on another o f  18-14-J?.
( 1 4 )  Case L I I .  P. o f  35 w ith  high myopia
( R . , - 1 2 ;  L . . - 1 9 D ) ,  and recent detachment o f  re t ina  
in  L.E.  Th° p ressure  in L.E. was 0 ( i n  R . ,  19^-). 
A f t e r  a month in h o s p i t a l ,  the pressure  in  L.E. had 
r i s e n  to 2mm., the R.E. was 12.
( 1 5 )  Case LIV. P. o f  32 with  sarcomatous 
growth on L. e yeba l l  and in L. o r b i t .  P. was an,,  
e n e r g e t i c /
1 ^ 9  •
1 5 0 .
en e rge t ic ,  h ea l th y - look in g  man. Hie r .  eye looked 
normal in every way, and R.V. -  6 /6 , hut hie pressure 
in  R.E. on one occasion was 9, on another 12.
(1 6 )  Case LX. P. o f  26, ( r e c e n t ly  re ­
covered from P o t t ' s  d i s e a s e ) ,  in  good hea lth ,  with  
normal- looking  eyes and V . 6/6 , but p ressu res  wera
1 2 - a J .
( 1 7 )  case 1X1. P. o f  23 w ith  high myopia 
( 8 B ) ,  w ith  w ide -sp read  choro ida l  changes, h is to ry  
o f  i r i t i s ,  e tc .  I . E . ,  1 3 2 * on another occasion
16J-—12J.
( 1 3 )  Cas» L X I I I . P. o f  22 w ith  r e t r o ­
b u lb a r  n e u r i t i s  in R. L .E . ,  152 , 132 ' .  1 4  d* on ^hre 0 
separate* occas ions .
1 3 1 .
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